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FOREWORD

The investigation of water use practices in the Imperial
Irrigation District was made pursuant to Water Code Section 275 in
response to allegations made by a private citizen--John J, Elmore--
thar the District follows "wasteful and unreasonable policies and
practices" in the distribution of water for irripating crops in
that important agricultural area.

In carrying out our assignment, we examined each of
Mr. Elmore's charges and compared the 'policies and practices" of
Imperial Irrigation District with those of similar water agencies
elsewhere in the State.

We found that, although the operations of the District

are improving, there is water in Imperial Valley now being wasted,
which could be saved for beneficial uses.
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I. INTRODUCTION

1 1979, the Imperial Irrigation District
snveyed more than 3.4 million cubic
Xametres (2.8 million acre~feet) of
ter from the Colorado River for
rigation of desert lands in Imperial
:1ley. Inflow to the Salton Sea from
e Imperial Valley in that year was
proximately 1.3 million cubic
.kametres (1.1 million acre-feet), most
£ it resulting from irrigation in the
alley. The level of the Sea has risen
bout 1.0 metre (3.1 feet) £i&£§ré§75,
nundating residential and commercial
horeline property, farmland, a wildlife
afuge, and a State park.

Request for Investigation

.nis report presents findings regarding
‘pportunities for agricultural water
avi ; in the Imperial Valley. The
:indings resulted from an investigation
sndertaken, pursuant to Water Code
ection 275, at the request of John .J.
%lmore who, on Jume 17, 1980, filed an
Application for Department Investigation
f Misuse of Water by the Imperial
trigation District', Elmore has
armland adjacent to the Salton Sea.

n his application for the investigation,
~lmore states: ". . . the level of the
*alton Sea has been rising over the past
rears This rise in height is
laving serious adverse consequences for
‘¢. It has been necessary, at great
*pense, for me to dike much of my
1?rmland in order to avoid submergence

"t my oroperty."

. L] -

"Ftic%e 10, Section 2 of the California
“iMstirurion states in part:

"It is hereby declared that because

°f the conditions prevailing in
this State the general welfare
#quires that the water resources

of the State be put to beneficial
use to the fullest extent of which
they are capable, and that the
waste or unreasonable use or
unreasonable method of use of water
be prevented, and that the
conservation of such waters is to
be exercised with a view to the
reasonable and beneficial use
thereof in the interest of the
people and for the public welfare.”

This constitutional provision is repeated
in Water Code Section 100 and implemented
by specific directive to the Department
of Water Resources and State Water
Resources Control Board in Section 273

of the Water Code. Water Code

Section 275 provides:

"The Department [of Water
Resources] and [State Water
Resources Control] Board shall
take all appropriate proceedings
or actions before executive,
legislative, or judicial agencies
to prevent waste, unreasonable
use, unreasonable method of use,
or unreasonable method of
diversion of water in this State."

The Department and the Board have adopted
regulations in Title 23, California
Administrative Code, Chapter 35,

Sections 4000~4007, as a basis for
administering these provisions quoted
above. Section 4001(a) of these
regulations states:

"400L. Investigatioms. {a) Upen
request of the Board, or upon 1ts
own motion, or upon good cause
shown by any interested person,
and in furtherance of Water
Code Sections 100, 101, 275,

304 and 305, the Department

shall investigate any misuse

of water."




The Department and the Board have the
responsibility under the above quoted
Constituticn and Code sections and
regulations to investigate claims of
waste in the State. The Department
has investigated John J. Elmore's
allegations against the Imperial
Trrigation District and presents in
this report the facts gathered during
the investigation.

Scope of Investigation

The scope of the investigation has been
1imited to the collection of data on
the allegations against Imperial
Irrigation District and to the
jdentification and analysis of the
opportunities far conservation of water
presently being lost and the potential
benafits of such savings. Data used
in this report were obtained from
published sources, memoranda, field
observations, and personal interviews,

Specific allegations explored in this
investigation include the following
items quoted from Elmore's applicaticn
of June 17, 1980:

"1 pelieve the lmperial
irrigation District misuses
water through its wasteful
and unreasonable policies
and practices which
apparently include:

"], Maintaining canals In
overly full conditions . . .

17, Absence of reservoirs for
regulation of canal
flows . + »

"y Excess water is often
delivered to farmers'
headgates resulting in
excess tall water run~cff
from irrigated fields . . .

4. pbserce of tall water
recovery SyStems . . .

ng.  Water must be ordered im

T -

24 hour delivary inmtooval
The delivery cannct
reasonably be terminated
after the farmer receives
sufficient amounts of
water . .« .

in

2

A copy of the Elmore application is in
Appendix A.

Discussions of other opportunities to
save water identified during this
study, in addition to those related to
the Elmore allegations, are also
presented in this report.

Conduct of Investigation

Investigation of the allegations
required contacting numerous public
and private organizations and
individuals. A list of organlzations
and individuals contacted is shown in
Appendix B.

Literature was searched to obtain

information on water conveyance, SLOTage,
use, and disposal in the Imperial Valley,

and in similar areas of irrigated
agriculture that would be useful in
assessing irrigation practices in the
Valley., A list of references appears
in Appendix C.

Department personnel made visits to the
Valley, observing the actual operations
of the District and farmers irrigating
their lands, Staff of the District
assisted in some of the field reviews.
John and Stephen Elmore and pistrict
personnel accompanied Department staff
on one occasion which included an
inspection of the District's facilities
and Elmore's farmland, including his
jevees at the Salton Sea.

Area of Investigation

The area of investigation is the
Imperial Valley, the southern part
of the Salton Sea Basimn, as shown on
Figure 1. The basin is the drainage
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cributary to the Salton Sea,.
tasin encompasses about
20 ~nuare kilometres (8,360 square
25) . the southeastern corner of
ifornia and extends into Mexico.

t of the Imperial Valley is below
an level, with a minimum elevation
659 metres (227 feet) below ocean
el at the Salton Sea. Two rivers,
¥ew and Alamo, traverse the

iey from Mexico to the Sea,

Salton Sea, a natural sump, is
tained mostly from return irrigation
#s from Imperial and Coachella
leys. Table 1 shows the inflow,
flow (evaporation), and change in
rage relationships for the period
5 through 1980, Direct drainage to

Salton Sea is calculated in Table 2,
rage annual precipitation on the

g 71 mwillimetres (2.8 inches), and

sration is 1 800 millimetres

inches) per year. Subsurface inflow

seen estimated to be about

)0 cubic dekameties (50,000 acre~

per year, The Sea, in 1981, had
arfe area of about 987 square
qmetres (381 square miles) and an
‘age surface elevation of -~69% metres
7 feet). During the 12 months
lng March 1, 1981, the Sea rose
} metre (0.1 foot). Periods of

mse rainfall can cause temporary
‘eases in the Sea's surface elevation
18 much as 244 millimetres (0.8 foot),
‘as the case with tropical storm
tleen in 1976. ‘

salinity of the Sea, measured in

1 of total dissolved solids (IDS)
-ent, was 38 800 milligrams per

@ (mg/L) in September 1981. The

-oncentration of water in the New
‘lamo Rivers as they entered the

was in the range of 3 200 to
10 mg/1L.

Imperial Irrigation District has
Tea of 430 000 hectares (1,062,900
‘S).  About 45 percent of the District

is devoted to irrigated agriculture, In
1879, 186 000 hectares (460,000 acres)
were irrigated and about 6 500 hactares
(16,000 acres) were devoted to urban
land uses. Major crops are alfalfa,
wheat, cotton, and lettuce. The
populaticn in the Valley is about
94,500, mostly concentrated at Fl
Centro, Brawley, and Calexico.

With very low annual precipitation in
the Imperial Valley, the main source

of water for the Valley is the Colorado
River, The All-American Canal is the
link between the Colorado River and the
distribution canals that erisscross the
Imperial Irrigation District., Colerado
River water is used for both irrigation
and urban uses. The District also
operates a system of drainage ditches
that convey tailwater, tile drain water,
unused Colorade River water, and storm
water runoff to the Salton Sea.

There is ground water throughout the
District at shallow depths. 1t is
sustained primarily from percolation
of applied irripgation water, and its
surface level is controlled by drains.
Because of high salt content, it is not
used,

The ground water underlying irrigated
lands within the Imperial Irrigation
District is generally of three types
at three depth ranges: (1) a shallow
unconfined perched ground water that
is generally tile~drained at 1.8~ to
2.4-metre (6- to B-foot) depths, but
ranges to depths of 12 metres (40 feet)
below ground surface. The salinity
varies, generally within a range of

2 500 to 4 500 mg/L, based on the TDS
content of tile-~drained water. Since
much of this area is underlain by lake
deposits which have a relatively low
permeability, it would be difficult to
extract this ground water from shallow
wells; (2) an intermediate to deep
ground water reservoir, which Loeltz,
et al. in 1975*% found to be

. . . underlain by great thicknesses

Complete list of references cited is given in Appendix C.
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3f water-saturated lacustrine and
slaya deposits , . ." that generally
hav ow vertical permeability., East
af tne Alamo River, ground water is
artesian and has a TDS content ranging
from about 700 to 5 700 mg/L, with
most concentrations between 1 000 and
2 C00 mg/L. The ground water from
artesian wells is generally warm and
aay contain high concentrations of

boran, fluoride, and chloride; and

(3) deeper geothermal waters, varying
in depth from 900 to 1 500 metres
(3,000 to 5,000 feet). These waters
may be superheated and supersaturated,
containing TDS concentrations of as
much as 350 000 mg/L. However,
generally they lncrease from 25 000
near Heber to 250 000 mg/L toward the
Salton Sea.
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11, IMPERIAL IRRIGATION DISTRICT

The California Development Company was
formed in 1896 to reclaim Imperial
Valley with Colorado River water. A
canal was excavated by the Company
connecting the Colorado River with the
Alamo River, which then was used as an
unlined canal. In 1905, the Colarado
River during flood stage broke through
into the Imperial Valley and continued
unchecked until February 1907. The
result was the restoraticn of the
galton Sea. The financial burden
imposed on the Company by the flood and
closing off the break in the River
caused it to go into receivership.

The Imperial Irrigation District was
formed in 1911 under the California
Irrigation District Act. In 1916, the
District became the holder of rights
to Colorado River water formerly held
by the California Development Company.
its primary function was to provide
irrigation water £O the farmers.

The District was at first only a
purveyor of water; however, later the
District began producing and selling
electrical povwer.

The District is governed by a Board of
Directors. The five directors are
elected by registered voters residing
in the District.

Water Rights and Contracts

Rights to divert water from the Colorado
River have been established through
years of negotiations and litigation.
The first Colerade River water was
diverted into Imperial Valley in 1901.
The original water rights were acquired
by individuals who later assigned their
rights to the california Development
Company. The Company rights were then
acquired by the District in 1916.

The most significant documents that
relate to the California and District
water supply from the River are i
sumnarized as follows:

Colorado River Compact

The Compact was signed by represeantatives
of the seven Colorado River Basin states

in 1922. It divides the water of the %
River between the Upper and Lower Basins g
at Lee Ferry, Arizona. ‘ %

g
Boulder Canyon Project Act :
The Boulder Canyon Project Act of 1928 %
approved the Colorado River Compact %
and authorized construction of Hoover £

Dam and Powerplant and the All-American
Canal. It also required California to
adopt legislation limiting its use of
Colorado River water before the Act
would take effect.

[T

California Limitation Act

EaUC ahl

The California Limitation Act was :
enacted by the State Legislature in 1929%
as required by the Boulder Canyon Projecty
Act. Tt limited California's consumptive:
use to 5.4 million cubic dekametres :
(4.4 million acre~feet) of the first
9.2 million cubic dekametres

(7.5 million acre-feet) apportioned
to the Lower Basin plus not moTe than
one-half of any surplus watexs.

g’

:A‘;}\gﬂpﬂ}}. 1

Seven-Party Water Apreement

The Seven-Party Water Agreement was
entered inte by the California parties

in 1931 in response to a request by ¥
the Secretary of the Interior for a N
priority agreement in Californmia. 1In
recognition of the ongoing use and
early filings by agricultural users,
they were given first priorities to
water. A listing of the prioritles in

.o
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TABLE 3
LISTING OF PRIORITIES~—~SEVER-PARTY ACREEMINT

' t Agency and description Beneficial consumptive use,
X of gervice area in acre-feet/year®
Paio Verde Irrigation District~~104,500 b
acres ip and adjoining existing district-
Yuma Project, California Portion, not
exceeding 25,000 acres. &- 3,850,000
(a) Imperial Irvigation District and
other lands that will be served from
the All-American Canal in Imperial
and Coachella Valleys.
(b) Palo Verde Irrigatiom District--
16,000 acres of adjoining mesa. J
The Metropolitan Water District of 550,000
Southern California and cities on
the ceoastal plain.
(a) The Metropolitan Water District of 550,000
Southern California and cities on
coastal plain.
(b) City and/or County of San Diego. 112,000
(a) Imperial Irrigation District and B
other lands that will be served from
the All-American Canal in Imperial
and Coachella Valleys. g 300, 000
(b) Palo Verde Irrigation District--
16,000 acres of adjoining mesa,
5,362,000
feet x 1.2335 = cubic dekametres.
sement is shown in Table 3. in 1964 guaranteed California's rights
to 5 430 000 cubic dekametres
:vican Canal Agreement (4,400,000 acre~feet) per year.
ng the Boulder Canyon Project Enforcement of this limitation will
e District and Department of the commence with initiation of diversions
'r consummated the All-American for the Central Arizona Project. This
fgreement in 1932. limitation did not affect water
allocated in the first three priorities
States Supreme Court Decree of the 1931 Agreement, totaling
4 750 000 cubic dekametres (3,850,000
‘ted States Supreme Court decree acre~-feet) per year.
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district, which receives most of its
- under Priority 3, has a present
act right to 3 207 000 cubic
-etres (2,600,000 acre~feet) of the
* 000 cubic dekametres thar is
srnia‘'s apportionment of Colorado
wvater (Colorado River Board of
ornia, 1979). This is approximately
100 cubic dekametres (300,000 acre-
) less than the average diversion
zed to the District at Imperial Dam
247 000 cubic dekametres
- 000 acre-feet) less than that
ing the District's service area
op 1 for 1975-79.

the commencement of diversions
2 Central Arizona Project,
tltural diversions to California
se reduced to 4 750 000 cubic
etres (3,850,000 acre-feet).
:ltural diversions under the Seven-
: Agreement are about 5 120 000 cubic
2tres (4,150,000 acre~feet). The
-lons to the future agricultural
ion amount will be made in
dance with the priorities shown
:ble q.

Conveyance Facilities

All-American Canal system consists
perial Dam, All-American Canal
Jorks and desilting basins, All-
‘can Canal, Coachella Canal, and
-ténant structures. The locations
¢ All-American Canal, Coachella
“» and other main canals are shown
igure 1.

ial Dam, headworks, and desilting
15 can supply 430 cubic metres

‘00 cubic feet) per second of water
‘¢ All-American Canal. The entire
'8Ty system is operated through

ty flow. The District has

Tucted four hydroelectric power

3 to take advantage of drops in
“ion along the All-American Canal.
Wer plants are located at Pilot
‘heck and at Drops 2, 3, and 4,
‘ndbreaking ceremony was held on
3, 1981, to start construction

B 5 power plant.

The District's gross orders for
diversicn ar Imperial Dam include
requirements for the Yuma Project
adjacent to the Colorado River, Imperial
and Coachella Valleys, and, at times,
Treaty (U. S. Congress, Senate, 1944-45)
water for Mexico, which is carried in
the All-American Canal and returned to
the river through the Pilot Xnob
Hydroelectric Plant.

The District operates and maintains

2 830 kilometres (1,760 miles) of
conveyance and distribution facilities.
The main facilities are the
129-kilometre (80-mile) long All-American
Canal, which terminates west of Calexico,
and its branches, listed from east to
west, which carry water north: the
Coachella Canal (the Coachella Valley
Water District took over total operation
in November 1980), the East Highline
Canal, the Central Main Canal, the
Westside Main Canal, and the smaller
lateral canals, The District also
operates and maintains 2 330 kilometres
(1,450 miles) of drains to collect
irrigation return flows (tailwater and
tile drain flows),

The District has constructed two
regulating reservoirs, within the
distribution canal network, in the
Imperial Valley. The Kakoo Singh
Reservoir was completed in 1976 and
another, the J. M, Sheldon Reservoir,

in 1977. 7These reservoirs have

storage capacities of 395 cubice
dekametres (320 acre-feet) and 740 cubic
dekametres (600 acre~feet), respectively,

Operations

Scheduling and Deliveries

The District orders water from the U. S,
Department of the Interior at Imperial
Dam for the about 5,500 farm headgates
it services. It must place its order

6 to 11 days in advance of the time
water is to be delivered at the
headgates. This is shown graphically
on Figure 2,

11




Farmers place their water orders with
the District at least 24 hours, but
generally between 48 and 72 hours, in
advance of their needs., Hydrographers
in the water control secticn of the
District, under the supervision of the
District Watermaster, are responsible
for the distribution of water into the
main and lateral canal systems to meet
the accumulated needs of the farmers
served from them., Water is delivered
on a continuous flow basis with f£low
changes normally made once per day.

The delivery points (farmers' headgates)
serve farmlands which range in size from
8 to 130 hectares (20 to 320 acres).
Orders for water generally range between
0.1 and 0.4 cubic metre (4 and 15 cubile
feet) per second., The price of water
delivered to the farmer is $6.08% per
cubic dekametre ($7.50 per acre-~foot).

The District intends to raise this to
$6.90 per cubilc dekametre {($8.50 per
acre~foot) on January 1, 1982, Revenue
from the increased rate as of July 1,
1981, is exclusively directed toward
water conservation activities.

The District normally releases more
water than is ordered to offset losses
in the distribution system, thus ensuring
that the farmer will receive a full
order.

Zanjeros (canal headgate tenders) are in
charge of opening and closing the
farmers' headgates in the lateral canals,
They start water deliveries early in

the morning and return in the afternoon
to adjust headgates to maintain preper
flows. The ability of the District to
take back excess water when a farmer
orders too much depends on the type of
delivery operation, the location of

the field, and the requests by other
farmers who may want to take the

excess water,

In 1979, the District diverted water
from the Colorado River to dirrigate

233 000 hectares (576,000 actes) of
crops (including multiple cropping)

in the Imperial Valley and

26 700 hectares (66,000 acras) in the
Coachells Valley plus land in the Yuma
Proiect. Also, water was diverted for
municipal and industrial uses in
Imperial Valley {(about 30 800 cubic i
dekametres, or 25,000 acre-feet),
Table 4 shows operatiomal data for
water received at Drop 1 on the All~
American Canal for the years 1955-~79.

Figure 3 was derived by using an

average of 3 years (1975-79) of water ;

flow data from Tables 2 and 4.
Approximately 34 percent of the water |
delivered to the users passes on to the }
Salton Sea. TFigure 4 shows how the
quantity of water delivered decresases
through various measuring points in
the system. ¢

Monitoring and Control System

The flow in the canals is regulated by
gate structures strategically placed :
throughout the system. These gates :
are opened or closed as necessary to .
pass the proper amount of water from

one part of the system to the next, 3
The water surface in each reach of canal:
is maintained relatively constant near
the top of the canal to reduce the start;
up or shut—down time in changing flow
rates and to reduce erosion damages
along the unlined canal banks. The
actual flow rate is regulated by the
degree of opening of the gates and is
not as much affected by the depth of
water in the canal.

b i

-

R R IR

B R L]

There are about 492 control gates in
the canal system. These gates are
operated by the District water control
section hydregraphers under the
supervision of the Wakermaster.

In an effort to improve operations and
reduce losses, the District, in March
1957, installed the first telemetering

* Increased from $5.27 per cubic dekametre ($6.50 per acre~foot), effective July 1,

1981,
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TABLE 4
IMPERIAL IRRIGATION DISTRICT CONVEYANCE SYSTEM EFFKCIENCEES, 1955~79
In thousand cubic dekametres
(thousand acre-feet)

Water received by Total deliveries* Operational Conveyance system

p District at Drop 1 to users losses** efficiency (%)

'5 3610 (2,927) 2419 (1,961) 1191 (966) 67.0 %
36 3586 (2,907) 2482 (2,012) 1104  (895) 69.2 %

7 3431 (2,782) 2404 (1,949) 1027  (833) 70.1 %

8 3369 (2,731) 2394 (1,941) 975  (790) 71.1 %

9 1503 (2,840) 2522 (2,045) 981 (795) 72,0 %

0 3681 (2,984) 2687 (2,178) 994  (806) 73.0 %

1 3647 (2,957) 2709 (2,196) 938 (761) 74,2 %

2 3640 (2,951) 2743 (2,224) 897 (727) 75.4 %

3 3689 (2,991) 2819 (2,285) 870 (706) 76.4 %

4 3417 (2,770) 2959 (2,399) %% 458  (371) 86,6 Uwkx

5 3237 (2,624) 2852 (2,312) 385 (312) 88.1 %

6 3476 (2,818) 3047 (2,470) 429 (348) 87.7 %

7 3355 (2,720) 2917 (2,365) 438 (355) 87.0 % i
8 3461 (2,806) 3054 (2,476) 407 (330) 88.2 % E:
9 3301 (2,676) 2901 (2,352) 400 (324) 87.9 % .
0 3398 (2,755) 2983 (2,418) 415  (337) 87.8 % N
1 3557 (2,884) 3127 (2,535) 430 (349) 87.9 % .
2 3512 (2,847) 3122 (2,531) 3890 (316) 88.9 % %
3 3646 (2,956) 3293 (2,670) 353 (286) 90.3 7% e
4 3789 (3,072) 3425 (2,777) 364 (295) 90.4 % H
5 3702 (3,001) 3335 (2,706) 367 (297) 90.1 % ®
5 3434 (2,784) 3102 (2,515) 332 (269) 90.3 % 2
7 3322 (2,693) 3028 (2,455) 294 (238) 91.2 % ks
3 3296 (2,672) 3011 (2,441) 285  (231) 91.3 % *
3 3457 (2,803) 3171 (2,571) 286  (232) 91,7 %

WCE: TImperial Irrigation District, Annual Summary, Water Diversion, Transpor-
tation, Distribution and Drainape, United States and Mexico, 1955-79,

This is water released to canals adjacent to farmers' headgates for subsequent
delivery through the headgates. Portions of this water which are rejected by
farmers and not diverted to others as a supplemental delivery may spill at the
®nd of the canal, This type of loss (included here as part of "Deliveries")
has been approximated at 1 to 2 percent of the "delivery" amount (J. R. Wilson
telephone interview March 26, 1981},

Uperational losses include evaporation, seepage, leakage, and approximately
1600 minor service pipes which are unmeasured.

In 1964, the District changed calibration on the flow measurements to water
i5€rs by 10 percent.
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FIGURE 3 - WATER DELIVERED TO USERS,
PERCENTAGE TO SALTON SEA AND
EVAPOTRANSPIRATION, IMPERIAL
IRRIGATION DISTRICT (Average for 1975-79)

unit at the Nectarine (Vail) Check on

the East Highline Canmal, permitting
monitoring and operation of diversion
gates to the Vail Canal from the
Watermaster's office at Imperisl, a
distance of approximately 33.8 kilometres
(21 miles). &8ince that date, remote
electronic monitoring and control

devices have been installed at 19 other
locations, including the All-American
Canal. Data on the flows which have been

14

carried in the canals, as well as flowa
to various points in the drains, are |
collected and kept on file by the
District.

District Conservation Programs

g R Y

The District is involved in a program
to improve unit dirrigation efficiency
and achieve water conservation. A

Citizens' Committee was formed early iﬂ
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6 to study problems related to incorporated in a 1l3-Point Conservation
leultyral drainage into the Salton Sea  Program.

P+ The committee's recommendations

® Pr -ented to the Board and The District and the U. S, Department of
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] DEFINITIONS

Evapotranspiration (ET): the quantity of water transpired by plants,
retained in plant tissue, and evaporated from adjacent soil surfaces in
a specific time period. Usually expressed in depth of water per unit
area. As used here, ET is synonymous with consumptive use.

e TS S

Conveyance system efficiency: the ratio of the volume of water delivered

to Users to the volume of water introduced into the conveyance system, i
The conveyance system for the Imperial irrigation District service area !
starts at Drop | on the All-American Canal. ' ;

Irrigation efficiency: the ratio of the volume of water used for ET in
cropped areas to the volume of water delivered for that purpose (applied
water).

District irrigation efficiency: the ratio of the volume of water used
for ET in cropped areas to the volume of water delivered to all farms
(applied water) in an irrigation district service area.

Unit irrigation efficiency: the ratio of the volume of water used for
ET in cropped areas, plus that amount necessary to maintain a favorable
“salt balance in the soil (leaching fraction), to the volume of water
delivered for these purposes (applied water). In this report, the unit
irrigation efficiency has been estimated on a districtwide basis.

ST

MRS

(Sources: California Department of Water Resources, Vegetative Water
Use in California, 197k, April 1975; Hagan, R. M., Haise, H. R., and
Edminster, 1. W., lrrigation gi'Angcu1tural Lands, American Society
of Agronomy, 1967; and Jensen, M. E., ed., Consumptive Use of Water

and Water Requirements, American Society of Civil Engineers, 1973.)
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Agriculture, Imperial Valley Conservation The 13-Point Conservation Program, the

Research Center, Brawley, are conducting 21-Point Water Conservation Program, 5
a cooperative study to evaluate unit and the By-Laws of the District Water ﬁ
irrigation efficiency under comnventional Conservation Advisory Board are :
soil and water management and the effect presented in Appendix D. One of the i
and applicability of new soil and water major programs is the lining of canals,f
management practices designed to improve both District-owned and farmer-owned. |
unit drrigation efficiency. It has been proposed that the All~ :

American Canal be lined either partly
Late in 1979, a new Water Conservation or wholly (U, 8. Congress, House, i
Advisory Board was formed by the District Commlttee on Interior and Insular £
Board of Directors. This Board of Affairs, 1967). £
10 farmers and 5 District representatives, £
after outlining about 10 major problems, The District has studied the use of %
adopted a resolution containing regulating reservoirs as a means of b
21 recommendations which the District reducing loss of water and improving :
Board of Directors adopted on June 24, operating characteristics of its systes,
1980, Studies indicate that as many as 16 i
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irvoirs could be used to control all
water in the canals. Two reservoirs
¢ be constructed and are in

ation., Land has been purchased and
truction of a third reserveir is in
ress, Other regulating reservoirs
under consideration while the

rict evaluates the cost effectiveness
he existing reservoirs.

.lonal automation of the control
ctures in canals has been studied
means of providing better control
ater movement and saving water.

art of the 2Z1-Point Water

ervation Program, the District has
loped rules and regulations to

ove management of its water supply.
¢ rules and regulatlons also enhance
T congervation. One important
lation is the penalty assessment

ed on farmers who have tailwater

§ In excess of 15 percent of water
vered to their headgates,

Other Studies of District
Operations

Ju 5. Department of the Interior

Bureau of Reclamation (USBR) 1is
currently conducting a comprehensive
investipgation of the water conservation
opportunities which exist within the
Imperial Irrigation District., The study
commenced in 1980 and is designed to be
completed by September 1983, The
activities include developing guidelines
for improved conveyance system, District
irrigation, and unit irrigation
efficiencies, especially related to
regulatory reservoir comstruction,
system automation, canal lining, on-
farm management, and collection and
reuse of waste water,

An earlier preliminary study by USBR,
conducted in 1977 and 1978 (USBR and
BIA, 1978), cited the District as
having a potential to reduce Colorado
River diversions by 432 000 cubic
dekametres (350,000 acre-feet). The
areas of improvement which would result '
in reduced diversions were identified I"
as: lining of the main canals (except
the All-American Canal), lining of
District laterals, lining of on-farm
ditches, reorienting and leveling
fields, and providing an irrigation
scheduling program.

o
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This chapter addresses the Elmore
allegations as quoted below and
describes the physical situation in
respect to each case and the
opportunities for water savings of
each.

Allegations by. -
John J. Elmore

John J. Elmore's allegations:

"I believe the Imperial
Irrigation District misuses
water through its wasteful
and unreasonable policles
and practices which
apparently include:

- "1, Maintaining canals in
overly full conditions. 1In
order to provide 'quick!'
delivery service of irrigation
water, canals are kept overly
full to sueh an extent that
overflow gates at the terminal
ends of the canals are
frequently spilled over, The
use of the canals as 'reservoirs
is inappropriate in light of
the significant amount of
spillage and waste.

L

"2, Absence of reservoirs for
regulation of canal flows. The
absence of reservoirs causes
unnecessary delivery of excess
amounts of water producing
spillovers and run-offs into the
Salton Sea.

"3, Excess water is often
delivered to farmers' headgates
resulting in excess tail water
run-off from irrigated fields.
Water should not be delivered in
an amount greater than that

18

DISCUSSION OF JOHN J. ELMORE'S ALLEGATIONS OF MISUSE OF WATER

actually needed by the farmers.
Provisions should be made to
divert water to other users when
farmers miscalculate the amounts
of water they actually need,.

"4. Absence of tail water recoven
systems. Tail water run-off is
currently draining directly into
the Sea., Recovery systems would
allow the capture of the

run-cff for productive use.

"S, Water must be ordered in
24 hour delivery intervals.
The delivery cannot reasonably
be terminated after the farmer
receives sufficient amounts

of water. Excess water from
the 24 hour delivery drains
unused into the Salton Sea.
Other needy water users are
not contacted to use excess
water delivered during the
required 24 hour period.
Therefore, any miscalculations
in estimating the amount of
water needed by a farmer
results in significant waste."

Response by

Imperial Irrigation District
.to John J. Elmore's Allegations

The District responded to Elmore's
allegations in a letter to the
Department, dated May 12, 1981, This
letter, which has been reproduced in
its entirety in Appendix E, contains
the District's responses to the
allegations as follows:

"As concerns the allegations made
by John J. Elmore that Imperial
Lrrigation District; i.e., the
public agency itself, is
practicing wasteful water
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menagement and marketing

practices in the operation of

the water division of this
striet 1s siwmply not so.

"First of all, I think it is
important to take into
consideration the fact that the
District diverts water at
Imperial Dam, approximately

60 miles from the system., The
quantity ordered at Imperial Dam
is released from Parker Dam,
some 160 miles upstream, for
there is no storage at Imperial
Dam. (See Exhibit A attached
hereto and made a part hereof).*
The operating criteria under
which the District performs
requires that Imperial Irrigation
District place its orders for
water on each Wednesday for
deliveries to the farmer
commencing on Monday through
Sunday. Or to put it another
way, the District in essence

is anticipating what the

farmers will require for their
OF ‘ation as much ag 11 days

in .dvance, notwithstanding

the vagaries of weather such

a8 wind, rain, humidity, or

any other wvariable,

"Furthermore, the District
does not dictate to the farmer
48 concerns the quantity of
water ordered. Thig decision
Tests solely with the farmer
and not with Imperial
Irrigation District., If the
farmer orders 10 second~feet
for 24 hours and only uses

8 second-feet, obviously, the
2 remaining second-feet which
Cannot be used for a period
of time is returned to the
District's system,

"While My, Elmore alleges that
Imperial Irrigation Distriet

is diverting canal water to the
Salton Sea, the fact of the
matter is that the water which
finds its way to Salton Sea
through the lateral system is
water which has been returned
unused to the District {often
without authorization) by the
farmer who has ordered more
water than he needs to irrigate
his land., While the same 1z yet
water and finds its way to the
sea, in actuality it ig water
which was paid for but not used
by the person who ordered the
same. This has been a common
practice throughout the District's
system in recent vears,

"The District has tried
continuously to encourage the
water users to order only water
actually needed to irrigate the
land properly and not waste the
same and/or return any overage
to the District's system for
there simply is no storage in
the District's canal system

for this purpose.

"The District, as you well know,
has no police power by way of
any statute or otherwige s0,
consequently, when the District
seeks to encourage the farmer

tc use the water wisely and
prudently and not waste the
same, the task of this
undertaking becomes increasingly
difficult, if not impossible,
for there is no remedy available
to us.

"Dealing with the matter of

the exhibits to which

Mr. Elmore has referred and on
which he relies to support his
position-~Exhibits 1, 2 and 3*k—
the findings those reports make
which deal with the matter of
concrete lining are not oaly

fh%bits A, B, and C are contained in Appendix -
hibig 1, 2, and 3 are contained in Appendix A,

19
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outdatad in a rather marxed

way but do not take into
consideration the fact that
Imperial Irrigation District
has over half of its canal
system already concrete lined;
all of its regulating structures
are in concrete form, including
the deliveries which make the
diversions possible from the
canal system, which required
replacement of 5,000 wooden
structures in the latter years
without governmental assistance
of any nature whatscever, The

Department of the Interior, Bureau

of Reclamation, has made the
statement that they know of no
other district in the western
hemisphere which has made the
progress this distriet has made
in the field of concrete lining.

"Laser beam leveling is not new
to this area. As a matter of
fact, it has been practiced from
time to time but dead-level type
design for the types of soils

in this area is not a practical
solution, in our opinion.

"Leaching and the quantity of
water applied to accomplish the
objective, as we understand under
the formula used, is very, very
low compared to other standards
in other states. The Colorado
River Board of California
indicates that the District's
application by formula is too
low and the figures should be
increased to show a more
realistic quantity of applied
water to the soll profile.

"Dealing with the matter of
employing pump-back systems
and sprinkler-soaker type
irrigation and the lack
thereof, according to the
report, simply does not tell
it iike it is. M™Many of the
farmers have gone sprinkler
irrigation and have invested

large sums of mwonev in doing

s0. Pump-back systems, in

our judpment, are an

obligation and concern of the
water user and not Imperial
Irrigation District, fer if

the farmer desires to return

his tail water--which on many
ocassions [sic] is interlaced
with nitrate, phosphate, and
ammeniz, fertilizers, herbicides
and other undesirable elements—-—
tc the operator's head ditch is
acceptable but unacceptable to
introduce the same into the
District's canal system for the
sake of creating a reservolr,
for the contaminated water
cannot he permitted to enter
into the Dbistrict's canal system
simply because the Health and
Safety Code prohibits this
practice, for the same is used
for domestic and industrial
purposes.,

"There are many discrepancies in
the statement made based on
today's facts. For one, the
bulletin recites that water is
being sold for $3.00 an acre-
foot, when in reality the charges
being assessed today by the
District are $6.50 an acre-foot,
This is not the only expense the
farmer 1s obligated to pay. He
is also required to tile the
ground he farms to cope with the
high salinity index of the

water he receives, for Imperial
Irrigation District is located
on the tail end of the Colorado
River system which necessitates
the District to accept all
return flow from upstream users,
as the Colorado River is the
sole and only source of water
available to the District.

"The affidavit submitted by

William S. Gookin, Consulting
Engineer, to which Mr. Elmore
refers as Exhibit 3 and upon
which he relies, is difficult
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at best to accept when one
compares the document

svhmitted in opposition

t reto by Maurice N. Langley,

a former long time employee

of the U, 8. Department of the
Interior, Bureau of

Reclamation, and a professional
Agricultural Engineer in
California and Wyoming; a
registered Civil Engineer in

the District of Columbia; and
certified by the American Registry
of Certified Professional in
Agronomy, Crops and Soils as a
Professional Agronomist and Seil
Scientist. His resume is attached
hereto in affidavit form,*

Mr. Langley is presently wvice
president of Bookman—Edmonstcn,

a8 water engineering firm dealing
with water and water related
matters which I think ig Very

well known to those who aperate

in the west and who are interested
in water agricultural problems

in the State of California.
(Exhibit B)

"Al., attached hereto and made

- part hereof for the purpose of
che record is an affidavir
&xecuted by J. Robert Wilson.
(Exhibit €)

"One other polnt that we think is
important to make reference to is
the fact that Mr. Gookin in
determining his findings uses

9 sump pumps for his factoring

to develop the quality of water,
When in reality the District,

48 of November 1, 1979, was
JPerating 454 like SUmp pumps

0 the valley floor and

*0 such pumps which surround
‘alton Sea, The State should
‘eview and study this issue,

°T we believe the affidavic
noits face, taking into
‘Onsideration the information
ubmitted therein, leaves

much to be desired."

Considerations in Determining
Reasonableness of Water Use

The California Constitution mandates
that ". . . the waste or unreasonable
use or unreasonable method of use of
water be prevented, and that the
conservation of such waters is to be
exercised with a view to the

reasonable and beneficial use thereof , .

"Reasonable use" is a common term in

laws dealing with water; however, there
is no exact definition of "reasonable
use', Generally speaking, reasonableness
depends on the facts and clrcumstances

of the case. 1In determining whether
unreasonable use of water ig occurring,
some yardstick, or Parameter, must he
identified against which the allegation
of misuse of water can be measured.

An article appearing in the Agricultural
Law Journal (Kramer and Turner, 1980)
suggests seven considerations which
should be addressed in developing

factual information on the reasonableness
of a given water use. Not all seven
need be addressed in every case; however,
these considerations do provide a useful
analytical tool. The collection and
compilation of facts in this investigation
have been guided by these considerations:

"1. The Potential Beneficial Uses of
Water Saved"

"In instances where the courts have
found a misuse of water, they have
generally identified the potential
beneficiaries" and uses of any
water savings.

"2, VWhether the Excess Water Now Serves
& Reagonable and Useful Purpose,
e.8., Ground Water Recharge"

"The recapture or inadvertent use of
waste waters may mitigate the

APPendIn
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effect of the waste by resulting in

a reasonable use of water in the
whole area, For example, valuable
fish and wildlife habitat could

be maintained by the waste of water."
Alsc, percolation of excess
irrigation applications could
replenish ground water supplies,

The Probable Benefits of Water
Savings"

"The ecomomic and environmental
penefits that would result" from
plans for additional 'reasonable
use of water should be estimated."”

The Amount of Water Reasonably
Required for Current Use"

In some instances, 'it may be
necessary to estimate the duty of
water" to establish reasconable
water use requirements. In other
instances, it may be easier to

" ddentify excess water or

unreasonable use of water directly.

The Amount and the Reasonableness
of the Cost of Saving Water"

"The courts will require one who
misuses water to imcur additional
reasonable inconvenience or expense
where this is the only feasible way"
to achieve reasonable uses of water.

Whether the Required Methods of
Saving Water Are Conventlonal and
Reasonable Practices Rather Than
Extraordinary Measures"

Local custom is one test of whether
methods of use are reasonable,

Court cases have indicated "that a
water user is entitled to make
reasonable water use according to
the custom of the locality and is
not bound te adopt the most
scientific method known., Therefore,
community standards of good practice
must be determined. However, local
custom 1is not determinative if the
custom itself amounts to a mlsuse

of water."

7. A Phvsical Plan or Solution"

This is an important consideration
as "many court decisions have
indicated that a misuse of water"
will be prohibited "where there

is a feasible physical plan or
solution available."

o gt g - =

Consideration of Specific

Allegations

Each one of the five specific
allegations made in Elmore's letter
is discussed below.

"1, Maintaining Canals in Qverly
Full Conditions’

Canals throughout the system are
generally operated with minimal
freeboard, which gives the District
broader capability to meet the needs
of customers. At the same time,
canal operations are simplified with
respect to anticlpated customer
orders. The error associated with
scheduling the delivery of water in
this manner is that almost always
more water than was ordered is ‘
provided, %
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Water deliveries are determined by a
relatively simple method involving the:
direct measurement of water levels in
front of and behind a standard-sized

delivery gate (IID, 1967b, rev. 1979).

« st S

The District comsiders this method to 3
yield an accuracy of measurement of E
plus or minus 5 percent., Realizing I
this limitation in the accuracy of @
delivered water, many customers order °
in excess of actual crop or leaching j

T

requirements to ensure they will recehg
at least the amount needed to satisfy ©
irrigation requirements. :

The ability of the District to take b3%
excess water when a farmer orders tof |
much depends on the type of delivery ¥
operation, location of the field, and :



quests by other farmers who may want
take the water, The systen is
et s unable to absorb this excess
i, consequently, the water is last to
2z farmers at the ead of a canal or
:l1d. Unauthorized adjustments of
-m headgates, a not uncommon practice
farmers and irrigators in the Imperial
Lley, but prohibited by District
Mlations (Appendix D), also adds
ar (reject water) to the canals.

increased incidence of canal
minal spillage is one consequence
operating delivery canals with
‘mum freeboard., Department
arvations and photographic

-bits, such as those shown in
rendix F,* suggest that significant
cants of unused irrdgation water
* spilled at the terminal points
delivery canals. This water is
weyed to the Salton Sea via the
‘erconnecting system of drains.

* District estimates that 1 to
'ercent of ordered water is rejected
far~ ~s, fThis would equate to
1ls .om canals of 30 800 to
700 cubic dekametres (25,000 to
000 acre-feet) per year., Included
Appendix F is a table showing a
~¥ear period of measured spills at
end of the Rose Canal. This table
tompiled by the Department from
9rds provided by the District. The
11 during calendar year 1980 was
78 cubic dekametres (3,874 acre-feet)
3 that canal, or 2 percent of the
al water delivered to the canal
ing, 4 rough extrapolation of that
Sured spill, considering the total
2T of similar-sized canal spill
¥8 In the District's system, suggests
 8pills from such canals approximate
90 cubic dekametres (23,000 acre-
PeT year., Additionally, spills
® nearly 200 spill sites of lesser-
Canals may lose an estimated
0 cubic dekametres (30,000 acre-

L

»

feet} znnually, bringing the total
magnitude of estimated canal spills to
65 000 cubic dekametres (53,000 acre—
feet) per year. This quantity is
approximately 2 percent of District
customer-ordered water and appears to
be a reasonable estimate of uncontrolled
canal spills, This estimate is based
upon a small amount of data,

The exhibits cited in Appendix F alse
give an indication of the magnitude of
these spills, They show selected
measurements, taken at the canal
terminals, using a Clausen Weir Rule.
The total quantity of canal spills at
six terminals monitored by the District
was 12 300 cubic dekametres

(10,000 acre-feet) during 1980
(Sutherland, 1981).

Operation of the canals with reduced
freeboard results in minimum flexibilivy
to abserb and store excess irrigation
water that could be returned by
customers. Amendments to an original
order may be requested by customers

and granted by the District as provided
for in its regulations (Appendix D),

if the District can handle the
additional water,

The District can increase its ability
to control water in the system and
reduce spills by any one, or all, of
several means discussed in the
following sections of this chapter.

"2, Absence of Reservoirs"

The absence of sufficlent reservoir
capacity results in the inabllity to
store excess water as it becomes
available in canals. This can result

in significant spillage of water at canal
terminal points, where it is lost to
further agricultural use,

There are currently two regulatory
reservoirs within the District, The

i

Mditiong
Tige

Ls important to mote that Fhe photographic exhibits shown in Appendix F depict
at a specific time and may not be representative of those over a 24-hour
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reservoirs, the Kakoo Singh and the

J. M. Sheldon, have a capacity of

195 cyubic dekametres (320 acre-~feat)

and 740 cubic dekametres (600 acre-feet),
respectively. The Singh Reservoir,
which is located east of Calipatria on
the East Highline Canal, began operation
in February 1976. The Sheldon Reservoir
is located northwest of Imperial on the
Westside Main Canal; it began operation
in March 1977. The District estimated
rhat in 1978 the combined water savings
from the two reservoirs approximated

41 100 cublc dekametres (33,300 acre-feet).

Land has been acquired and ceonstruction
started on a third regulatory reservolr.
This reservoir is designed to have a
capacity of 432 cubic dekametres

(350 acre-feet) and is located south

of Brawley on the Central Main Canal.
With completion of this reserveir, there
will be one regulatory reservolr for
each of the three main cznals. The
Pistrict estimates an additional

15 000 to 18 500 cubic dekametres
(12,000 to 15,000 acre-feet) of water
can be saved each year after the
reservoir begins operation.

1and has also been selected for a
fourth reservoir, and the District
believes this land will be acquired
by December 1981. 1In addition,

12 more sites have been identified

by the District as potential reservolr
sites.

The most economical and energy~efficient
method of operation for regulatory
reservoirs is with gravity flow, both
into and out of the reservoir. The

two existing reservoirs operate in this
manner and it is planned that the third
and fourth will operate in a similar
manner .

For successful conservation of
irrigation water, some of the reservoirs
need to be located in a near mid-canal
area so that a reasonable number of
farm headgates are located both up~canal
and down-canal. Thus, water becoming
available from over-orders and cutbacks

3
I~

on the up-canal side can flow directly
to the reservoir to be stored and later
be served to farm headgates om the
down-canal side.

According to the District, more
regulating reservoirs have not been
built because of their high costs and
because they remove land from
agricultural production. However, the
District is considering land exchange
as part of the negotiations for right
of way for regulatory reservoirs. Under
that concept, undeveloped land would be
exchanged for the developed land taken
out of production. Costs of land and
construction for a 500-cubic-dekametre
(400-acre-foot) reservolir were estimatﬁt
by the District to be about $2 million.
This program, in addition to other _
conservation work, is presently financed;
by a $1.62 per cubic dekametre ($2.00
per acre-foot) surcharge on water
deliveries.

R T
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The cost of building the additional H
13 regulatory reservoirs needed to &
control canal flows and minimize
spills and omn-farm tailwater 1s
estimated to be $26 milliom. However,
a system providing a high degree of
contrel might be provided with fewer
reservoirs. For one thing, it appears
that, as the number of reservoirs
increases, the amount of water saved
by each succeeding reservoir decreases: s,
The number of reservoirs added to the 'L
system should be determined by economit ¥
analyses, considering the operation of }
the reservoirs in conjunction with ®
other alternative means of controllingii

e,

AT

the canal system. Combining additional
regulatory reservolrs with more flexﬂ%#
scheduling and an expanded remote conthy

system could provide an economical metf
of controlling water in the system. :

T

the 13 additional reservolr?
an average of 8 900 cubic
{8,000 acre-feet) annuallys
they would together save 128 000 cubif
dekametres (104,000 acre~feet) by
reducing canal spills and tailwater.
The cost would be about $28 per cubic

1f each of
could save
dekametres

R
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satte {$34 per azcre-foot) of water
1. ‘cause these values are ouly
spti..s, an operations study of
Jistrict's system is needed to

‘de 2 better estimate,

Excess Water . . . Delivered
armers’ Headgates'

of the issues related to the amount
ater delivered to farmers' headgates
discussed under other sections in
chapter. These factors also affect
zmount of tailwater, which is the
zce water runoff from the fields

v irrigation application.

sries through farmers' headgates
‘he culmination of a number of

ns: the farmer's order, climate,
rional constraints of the Districe,
ime between District orders and

pt of water at Imperial Dam, and
8.

srdering of wate¥ by farmers is

! upon their perception of field

iti .. The accuracy with which
farmer is able to order the correct
at of water may be generally

ted by incomplete knowledge of field
itions, as discussed later in

ter IV undetr "Alternative Irrigation

ods," The farmer also wants to be
red that a certain minimum amount
ater will be received; therefore,
‘gin of dafety may be added to take
of measurement error by the

ite, On the other hand, the District

:rally has excess water available in
canals. The District has no precise
of ascertaining whether the farmer's
Ir is reasonable or unreasonable;
‘efore, it provides all the water
wed by the farmer. The net effect
hese uncertainties is the production
tailwater from the fields or rejected
%8s water in the canals, as each

T tends to be on the high side.

Abfenca of Tailwater Recovery
- T
Ems

Wat recovery systems generally

consist of three basic components: a
storage sump, a pumping system, and
recovery and distribution pipelines.
These systems have been identified by
gome researchers (Merriam, 1977;
University of California, 1979} as
having a high potential for saving
irrigation water. The University of
California Cooperative Extension Service
claims reclaimed tailwater seldom shows
significant increase of salt content
from dissolving of soil salts in a field
that has been irrigated for several
vears (1979).

The low cost of irrigation water in the
District ($6.08 per cubic dekametre, or
§7.50 per acre~foot) would give farmers
who do not install tailwater systems a
lower operating cost than those
installing such systems. Farmers who can
avoid tailwater systems by conserving
water in other less expensive ways, such
as being more exact in determining crop/
soil moisture needs or haviang flexibillty
to divert excess amounts of thelr ordered
water to other fields, save the cost of
constructing sumps, pipelines, and
pumping facilities and the cost of
operation, plus the loss of cultivated
iand needed for location and operation
of the system. Estimated costs of a
tailwater recovery system range from
$6.50 to $20 per cubic dekametre ($8 to
(525 per acre-foot),

Tailwater recovery systems are known
to be operating at only two farms
within the Imperial Valley, as reported
by the Soil Conservation Service, El
Centro. The absence of tailwater
recovery systems, together with poor
irrigation practices, can contribute
to excessive drain flows, causing
water of moderate quality to be lost
to the farmer. Also, without recovery
systems, tailwater may pond on farm
fields and scald crops, resulting in
yield reductions. One Department
observer noted that about 0.4 hectare
of a 24~hectare (L acre of a 60-acre)
field suffered scalding due to
ponding of tailwater, or about a

1.6 percent loss of production.

’
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-ring and summer, irrvigation water
‘=orTEase in temperature by as wmuch 2s
-\D

F) as it travels over fields.

ci.ng this water may compound problems

ciated with plant scalding unless it
slended with fresh irrigation water
s applied through sprinkliers, where
jag a chance to cool as it 1s applied.

District has, since 1964, attempted
educe waste of water by discouraging
discharge of excess tailwater. An
;ating rule in effect from 1964 to

5 set the permissible tallwater
charge at 10 percent of the order.
wre than 10 percent tailwater was
wrved, then the inflow to that fileld
reduced at the farmer's headgate by
amount of the excess, This was

ised in 1976 to the curremt rule

e there no longer is a reduction
inflow when excess tallwater is

:rved. However, when tailwater

hes 15 percent of the farmer's order,
District assesses a penalty of three
's the rate of the total water

lvery scheduled for that day

pendix D). This rule was further

ls as of July 1, 1981, to impose
spen~ended penalty assessment for
onic violations of excess tailwater
luction. 1In any calendar quarter,
3ons incurring a second tailwater
lation will be charged a penalty of

I times the rate of the total water
er for the day; those incurring a

td violation will be charged a

alty of five times the rate; etc.

tailwater discharging from each

ld is observed by the zanjero who
tates that headgate. Tailwater flows
also monitored by a special unit of
hydrographers (waste checkers) who
assigned exclusively to that task.
the tailwater flow appears excessive,
s measured, If tailwater flow is

0d to exceed 15 percent of the
lgation inflow, then the farmer is
ised to reduce tailwater flow and
Otation made at the coperating
lquarters, Those fields noted to

* excess flow are measured again,
“8ac~ 9 hpours after the first

asurement, If they are still
owing in excess of 13 percent of
the ordered inflow, the cost penalty
is assessed.

The 9-hour delay between measurements
was recommended by the Water
Conservation Advisory Board and
established by the Board of Directors
as a basis for applying the tallwater
assessment. This delay period was
established for two reascons: (1) to
ensure that the measurements are made
by two different individuals; and

(2) to allow adequate time for
redistribution of water on flelds so

as to decrease the amount of tallwater
being produced. This is in recognition
of the fact that changes in i{rrigation
distribution at the head of a field
frequently are not reflected in tailwater
flows at the waste collection box until
3 to 4 hours after the changes have been
made.

Normally, tailwater cannot be ponded on
most fields without causing crop damage.
The farmer can decrease tallwater flows
by changing the irrigation pattern.

Table 5 is a summary of the tallwater
assessments levied against District
customers for the years 1977 through
1980. This table was compiled from data
received from the District (December
1980). Of the total number of fields
checked for excessive tailwater
{approximately 20 percent of the total
headgates running), about 4,5 percent
on the first check and 1.25 percent on
the second check had tailwater being
produced at a rate in excess of

15 percent of their dellvered irrigation
flow rate., 1If an average delivery rate
of about 0.2 cubic metre (8 cublic feet)
per second is assumed, an estimated

30 800 cubic dekametres (25,000 acre~-
feet) of tailwater 1s produced within
the District each year by theose who
were finally assessed a penalty for
being in violation. Tt is obvious that
tailwater is produced by the remaining
98,75 percent of irrigators who are not
in violation of the rule,
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t3sumptions can be made that illustrace
the importance of tailwater control and
the magnitude of the problem. For the
S5-year period 1975-79, about 3 129 0GC
cubic dekametres (2,537,000 acre~feet)

of water was delivered annually to

the farmers and about 1 (77 000 cuble
dekametres (873,000 acre-faet), ot

34,4 percent of this amount, passed on

to the Salton Sea, 1t was estimated

that about 2 percent of that delivered
went into canal spills, leaving

32.4 percent to be split between
tatilwater and leach water. Because
rhere are insufficlent data with which
to accurately quantify leach water and
railwater, the following deductions

have been made. Almost all farms produce
railwater. The quantities produced range
from smaller to greater than 15 percent.
Because tailwater and leach water are
unknown quantities, it is pelieved that
tailwater is at least 15 percent of the
rotal delivery, oOF 469 000 cubic
dekametres (380,000 acre-~feet) annually,
as shown graphically in Figure 5
(condition 2}. Tailwater could be as
much as 22 percent of the total delilvery,

or 688 000 cubic dekametres (558,000 acre-

feat), if it is assumed that leach

water is 15 percent of evapotranspiration——

ET (Figure 5, condition 1). Leach water
will be discussed further in Chapter 1V,

ny. Water Must Be Ordered in
24 Hour Delivery Tntervals'"

The delivery of water to District
customers is conducted in 24-hour
increments. The District does provide
for a reduction in an irrigation order
which can apply to the last 12 hours
water is run (Appendix D).

The reduction cannot exceed 50 percent
or 0.14 cubic metre (5 cuble feet) per
second of the original order, whichever
is less, and must be requested no later
than 3 p.m. of the day preceding that
on which the order is to be changed.

The District does not appear to have a
process to actively seek customers to
cake advantage of water made svailsable

ov reduced crders, Such 2 marnetivi
process would require additional work
time to solicit customers. Lf this
could not be handled by the existing
staff, the effort would increase
operating costs. Since the farmer

has already paid for the waterl which

is rejected, the District does not
aggresslvely pursue the sale of the
water a second time. However, Discrict
regulations (Appendix D) provide for
customers te receive additions to

their existing orders by notifying the
District. If these water users are in
need of additional supplies of |
irrigation water, they can be :
accommodated by notifying the District |
prior to 7:30 a.m. of the last day of
a run and receiving up to a 50 percent
increase of the confirmed order, &f it '
i within the capability of the District
to deliver the water. ;

Scheduling irrigation deliveries in
s4-hour intervals reduces operating mﬁ%
to the District. By conducting
deliveries in 24-hour intervals, a nors-
daytime work schedule can be employed.
Anticipating regular 24-hour intervals
for the delivery of irrigation water
permits greater accuracy in predicting
customers' orders by the District. The
fact that the District must place order
for water 6 to 11 days prior to its ust
and 3 to as much as 10 days before
€armers actually order the water affect
the flexibility of operations. Allo
farmers to shut off deliveries when ¢
longer required would solve their proali
of excess water but would increase the
District's problem of excess watex.
Some irrigation districts in the lowel
Colorado River Basin have adapted thel!
delivery systems to provide irrigatio®
water on very short notice., Among the”
districts are the Yuma County Watel :
Association, the South Gila River and 4
North Gila River Districts, the Colot
River Indian Reservation, and the pald
Verde Irrigation District.

These irrigation districts handle welf

orders in basically the same mannerl -



Conditien 1 Condition 2
24— 27—y
230 r 2 _ 7 7 3 080 000
Canal Spills (2,500,000)
%0 L 15% 42 775 000
- Tailwater -
22 (2,250,000)
g0 F Range of ., 1 2 467 000
.. Jncertainty 7 17% (2,000,000)
10% (267 of ET) o
70 b1 (157 of ET) | - Leaching - 1,2 159 000 @
(1,750,000) w o
5 ¢
60 F 4 1 850 000 o b=
(1,500,000) E o
¥ 2%
w50 F =5 1 542 000 E-ue
e (1,250,000) & © g
E > 0
&0 F 41 234 000 e
(1,000,000) W
~ Evapotrans- -~
0 F 66% plration 667 - 925 000
(750,000)
5 F - 617 000
(500,000)
5 - 308 000
10 (250,000)
0
Assuming 15% of Assuming Minimum
ET for Leaching 153% Tallwater
FIGURE 5 - ESTIMATED RANGE OF LEACHING AND TAILWATER
PRODUCTION, IMPERIAL IRRIGATION DISTRICT
*®Ttain base lead time is required by decrease incoming water as required,
* district to schedule water orders.
‘% an order has been scheduled, the The continuous system of scheduling
?e for terminating the order is and terminating irrigation orders can
:ermined by the customer. Zanjeros reduce the incidence of tailwater
* employed in three eight~hour shifts production on farms, since a mandatory
°h the basis of a 24-hour an-call period during which customers must take
tem, 1q some areas within the Yuma water is eliminated. Cancellations or
a stomers are allowed to reductions in orders are readily
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failure or the ovccurrence of rain,
One physical facter that contributes
to the success of these scheduling
systems is that water which is not
used can be returned to the Gila or
Colorade Rivers. The water thus
returned is deducted from the original
diversion, is not charged against the
weer's entitlement, and is availlable
downstream for further beneficial use,

The Imperial Valley does not have this
convenient option, and its excess
water is lost to the Salton Sea.

Application of a less than 24-hour time
block scheduling system would require an
increase in personnel and/or an expansion
of personnel working period and/or an
expansion of the remcte-control system
and regulatory reservairs,

In the December 6, 1979, affidavit of
J. Robert Wilson, Water Manager of
Imperial Irrigation District, it is
stated that changing the District's
scheduling and water delivery methods
to a more flexible operation would
require doubling the zanjero staff at
a cost of $2 million per year. The
effect of this cost is shown on the
graph in Figure 6, which gilves the
unit cost for a range of quantities of
water saved.

Beyond the change from the existing
24~hour scheduling system, it seems
probable that an increased effort to make
available to customers the option to
individually move deliveries of water
from one headgate to another on an
adjoining field om the same canal would
result in better irrigation efficiencies,
iess tailwater runoff, and less water
returned to District canals. Similarly,
water savings may potentially be
realized if down-canal customers had
more cpportunity to receive water
returned to District canals. Such
deliveries could be made available on
short notice and delivered for

variable periods, depanding on water
need and availabilicw,

Furzher water savings could be
realized if the District improved its
maintenance of terminal canal gates so
that leaks are reduced. Estimates of
the amount of water lost to leakage
through gates at terminal canazl points
have been made by James C. Luker,
Superintendent, Irrigation Drainage,
El Centro-Calexico Division, Imperial
Irrigation District (U. S. District
Caurt, 1980). In reviewing photcgraphs
of various leaks through gates, Luker
has estimated the observed flows to be
on the order of .0l4 and .021 cubic
metre (0.5 and 0,75 cubilc foot) per
second,

Ordering irrigation water in excess of
actual crop and/or leaching requirements
allows farmers a working margin of water
to help overcome problems assoclated
with nonuniform application and
percolation, Irrigation water ordered
and/or delivered in excess of actual
required amounts results in excessive
tailwater and canal spills, which, in
the majority of cases, ls last to the
Salton Sea,

Summary of Opportunities for Saving
Water, Based on the Allegations
of John Elmore

The Elmore allegations concentrate
specifically on the District's "wastefﬂ
and unreasonable policies and practlcﬁ
and spotlight five instances, quoted at
the beginning of this chapter, where he
believes the District could save waterl.
The five examples are related and tend;
to deal with the same quantities of
water. The two separate quantitiles are’
tailwater and canal spills. With a
given quantity of water in the system,
decreasing tailwater can affect canal
spills, if the excess water is rejectﬁ
by the farmer and remains in the canals

Canal spills are estimated to be about
65 000 cubic dekametres (53,000 acre-
feat) annually, of which about

94 percent, or 62 000 cubic dekametres
(30,000 acre~feet) is recoverable.

|
]
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Assuming tailwater productien for all
irrigators is at least 15 percent of
delivered water, it probably exceeds
469 000 cubic dekametres (380,000 acre-
feet) and could be as much as

689 2] cunic deraretres (338,000 ac
feet), The combined losses for cana
spills and tallwater are roughly

estimated co be at least 534 000 cubic

dekametres (430,000 acre-feet).
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IV. OTHER OPPORTUNITIES FOR WATER SAVINGS

ddition to the opportunities for

r savings discussed in Chapter III,
:in other opportunities exist within
Yistrict's service area, Discussion
iese opportunities follows.

All-American Canal Lining

mation derived from the USBR (USBR
iTA, 1978), the United States

gical Survey (1969), and the

rict Annual Summaries (1955-79)
‘ates significant loss of water

s through seepage along the

1ed All-American Canal. The amounts
tepage water lost annually from the
-y a8 estimated by reach, are given
ible 6 for the 1975-79 period. The
test loss is in the reach from Pilet
to East Highline Canal, because

of (e losses from Imperial Dam to
: Knob return to the Colorado River
‘he soils from the East Highline

. to the Westside Main Canal have
:ively low percolation rates which
1lze losses,

1975 to 1979, the All-American

L from Pilot Knob to East Highline

'y 60 kilometres (37 miles) in

*h, was estimated to have lost

* 96 000 cubic dekametres

00 acre-feet) of water annually

igh seepage. It is estimated that
0 cubic dekametres (70,000 acre-
could be saved through lining
teach of the Canal at a cost of
million (July 1979 prices). This

iUivalent to $93 per cubic dekametre

> per acre-foot) of water salvaged

}rtment of Water Resources,
't 1980),

' Moted that seepage water and other
5¢Watar in the canal system produces
‘:¢a! power in hydroelectric plants
2! the point of loss. Lining

of the canal can result in a minor
increase in flows generating
hydroelectric power, if the point of
delivery of the water saved 1s within
the District, or a minor decrease, if
the point of delivery is outside the
District,

Main Canal and Lateral Lining

By 1979, the District had lined

1 178 kilometres (732 miles) of its

main canals and laterals, The estimated
amount of water saved through that
lining program was 169 700 cubic
dekametres (137,600 acre~feet) in 1979,
The overall water conserved since the
beginning of the District's canal lining
program is shown in Table 7, As of June
15980, 45 percent of the District's canals
and laterals had been concrete-~lined.

The District plans to line an additional
834 kilometres (518 miles) of its
earthen laterals and estimates an
additional water saving of 123 000 cubic
dekametres (100,000 acre-feet) per year.

Where District-owned canals are on land
easements granted by the landowner, the
District encourages landowners to
participate in the canal lining program.
It pays 70 percent of the cost of
concrete-~lining canals and all
engineering and excavatilon costs, while
the landowner covers the remaining

30 percent of the lining cost, as well
as provides rights of way and any
necessary dirt. An advantage to the
farmer is in reduction of costs in
operating and maintaining on-farm
delivery facilities adjacent to the
District's canal. The District's funds
in this program are assigned first to
lining those ditches adjacent to lands
where the landowner participates. The
District is currently expsnding about
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TABLE 7
ESTIMATED AMOUNT OF WATER CONSERVED BY CONCRETE~LINING PROGRAM

Cumulative amount of Total estimated annual®

canals concrete—~lined water consarved
Year In kilometres In miles In cubic dekametres In acre~feet
1954 1,29 .80 185 150
1955 2.10 1,30 301 244
19356 4,76 2,96 686 556
1957 9.83 6.11 1 400 1,100
1958 14.84 9.22 2 160 1,700
1959 21,39 13.29 3 106 2,500
1960 27.21 16.91 3 900 3,200
1961 43.47 27.01 6 290 5,100
1962 71.90 454,68 10 400 8,400
1963 116,22 72.22 16 800 13,600
1964 197.53 122,74 28 500 23,100
1965 282.54 175.57 40 700 33,000
1966 390.75 242,81 56 200 45,600
1967 487.70 303.05 70 300 57,000
1968 563.61 350.22 81 200 65,800
1969 652,28 405,32 94 Q00 76,200
i87¢ 714,63 444,06 103 100 83,500
1971 770.97 479.07 111 100 9¢,100
1 2 829,22 515.27 119 500 96,900
1y/3 877.4% 545,21 126 400 102,500
1974 927.57 576,38 133 700 108,400
1975 989,35 614,77 142 600 115,600
1976 1 046.05 650.00 150 700 122,200
1977 — — —— ——
1978%* - - —_ —
1979 1 178.00 732.00 169 700 137,600
*

*k

Based on an annual average water savings of 288 cubic dekametres per
kilometre (376 acre-feet per mile) and on the assumption that 50 percent

of lined sections are below natural ground surface with a negligible
Beepage rate,

In 1978, the District lined 30.1 kilometres (18.7 miles) of canals and
farmers installed 53.8 kilometres (33.4 miles) of concrete lining.

By the end of 1978, the cumulative total for all categories of canal
1ining, including on-farm, was 4 796.7 kilometres (2,980.6 miles).

3 willion on this program each year. width) will cost about $66,000 per

. kilometre ($105,000 per mile). This
8Nt unit cost of lining is dependent estimate is only for lining by a private
-dnal size, 4 typical District canal contractor, with the District performing

1
"% fup ro 8 metres, or 26 feet, in all initial excavation at an additional




cost of $2,60 te $3.13 per cubic maive
($2,00 to $4.00 per cubic yard) of
material excavated, The District's
1ipned canals have a normal useful life
of 30 years before major recomstruction
1s expected.

The lining of the farmers' on-farm
ditches (up to 1 metre, or 3.2 feet, wide
and 1 metre deep), complete with field
accessories (headgates, checkgates, erc.),
generally costs $20,500 per kilometre
($33,000 per mile) (Merrill, 1981). The
1ining of farm ditches is becoming a
cyclical operation in the Imperial Valley.
Due to shrinking and swelling of the

clay soils, salt corrosion of concrete,
and damage from earthquakes, the canals
and ditches suffer settling, sagging,
cracking, and misalignment and must be
replaced approximately every 30 years.

Scheduling of lining operations depends
mainly on two parameters: (1) the
District's judgment of the need for a
particular section to be lined, modified
by (2) the farmers' willingness to
participate financially in the program
at that time. The length af canal lining
that can be financed each year from an
essentially fixed annual capital outlay
depends on the size of the canal. This
has generally ranged from 32 to

56 kilometres (20 to 35 miles) per year.
Based on an estimated average of

4B kilometres (30 miles) per year, the
remaining 834 kilometres (518 miles) to
be 1lined would take more than 17 years

to complete. Extrapolating this further,
the estimated total cost of lining the
remaining 834 kilometres of canal would
be 17 years at $1.5 million per year, or
about $26 million, exeluding dinflation.
Further, the capital cost (excluding
interest), based on an estimated 30 years
before replacement, would be about $25
per cubic dekametre ($31 per acre-foot)
of water saved.

In addition to saving water, considerable
saving in operation and maintenance costs
ig associated with the use of lined
canals and laterals. Such saving includes
ease of reasuring water flow, rapld anc

zccuracs dalivering of water from

release points, rapld emptying of canais

for algae contrel, and eliminating or
getting greater control of agquatic and
riparian weed growth. These savings
could be increased by accelerating the
lining program.

Seepape Recovery Systems

The District does not intend to concrete-

line some reaches of the main canals, as

the construction work would cause seriow

operating problems. Instead, seepage
recovery plpelines have been buried
parallel to the canal. The District
has 10 kilometres (6 miles) of these
lines that save 22 000 cubic dekametres
(18,000 acre-feet) of water annually,
This system should be expanded,
particularly in areas where the canals
traverse porous soils with high
infiltration rates. Soil type would
determine the location and effectiveness
of the system.

The seepage recovery lines cost about
$250,000 per 1.6 kilometres (1 mile)
and have additional operating costs,
mainly electrical energy for pumping
water back into the canal. A rough
estimate of the cost is about $11 per
cubic dekametre (814 per acre-foot)
of saved water.

The length of unlined canals remaining
after the planned lining is carried out

|

would be about 820 kilometres (510 miles!

or roughly equal to the distance plannﬁ
to be lined, The District estimates
that installation of seepage racovery
lines would have the same potentilal
saving as that achieved with lining, of
about 123 000 cubic dekametres

(100,000 acre~feet) of water., Howeverl,

the seepage recovery lines are probabliﬁi

not as effective as lining in controll
water loss. A reasonable assumption "
would appear to be about 38 to 40 perc®
recovery, or 49 000 cubic dekametres
(40,000 acre~feet).

Thus tne ootential saving from seepagt

cam



vert lines and lining Districc

ils s 173 000 cubic dekametres

1,L  acre~feet). This total is

;b the same 25 the estimate made by
Department by using data of actual

xir losses for the five years of

~79, as shown in Table 8. The values
:n in thils table for both canal lining
canal seepage recovery lines are

=2 used throughout the report.

e may be other conveyance losses
the drainage system that are
counted for in this calculationj
wver, there is also an offsetting
sr in the evaporation from water
‘aces along the drainage system.
ddition, ET takes place from
atophytes along the drainmage ditches.
wut better data, it can only be
med that these values approximately
iet each other.

:her unknown factor is the effect of

TABLE

seepage from the Coachella Agqueduct,
Before the reach through Imperial Valley
was lined in 1980, 1t was estimated to
have lost about 185 000 cubic dekametres
(150,000 acre-feet) annually through
seepage,
cublc dekametres, or 4.5 million acre—
feet) continued for 30 years and some
of it percolated into the ground water.
Since the aqueduct is at 3 higher
elevation than the District drains, it
is probable that some of this water
enters the drains and will continue

to do so for several years.

Only that portion of the Coachella
Aqueduct seepage entering the Alamo
River would affect the calculations in
this report,

The quality of water in some District
drains, such as those adjacent te unlined
canals, is suitable for irrigation of
crops. This water is essentially free

8

POTENTIAL SAVING OF CANAL SEEPAGE
In cubic dekametres
{acre~feet)

Percent

Canal reach Loss recovery Water saving
11} American (Pilot Xnob 96 000 86 000
o] East Highline) {78,000} 90 (702000)
Subtotal 86 000
(70,000)

Mstrict canals:

Main canals* 96 000 37 000
{78,000) 38 (30,000)
Lateral canalsk* 151 000 136 Q00
{122,000) 50 {(110,000)
Subtotal 173 000
(140,000)
Total 343 400 259 000
(278,000) (210,000)

"™Mc ly seepage vecovery lines for controlling losses

R

~Iowly concrete-lining for contreliing

Insses

This seepage (about 5.55 million

=

2 I .
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to growers interested in pumplng it
from the drains and zpplyving it on the
fields. Any water used in this way
would help improve the District's
overall efficiency.

On-farm Land Grading Techniques

Land grading, as practiced in the
Imperial Valley, is conducted so as to
achieve a uniform grade of farm fields,
generally between 0.1 and 0.2 percent
slope, depending on soll texture. It
i{s a necessary and continuing activity
in the Imperial Valley because it
contributes to maximizing crop ylelds,
to controlling the uniformity in
distribution of applied irrigation
water, and to reducing surface
tailwater (Gilbert, 1980; Mayberry,
1980b).

Land grading in the Valley costs $0.61
to $0,60 per cubic metre ($0.47 to 50.53
per ctubic yard) of material moved. This
amounts to $104 to $423 per hectare

($42 to $171 per acre). A typical farm
field will not require frequent
regrading; however, it will need
smoothing every three or four years,
depending on the uniformity of applied
water desired. Estimates are that a
farm which has not been regraded in 30
or 40 years could expect an increase

of 10 to 15 percent in unit irrigation
efficiency as a result of precision
laser land grading (Hermsmeier, 1981).

In some locations in Arizona and
California, farm fields are planed to
a level-basin-~literally no slope

at all. This practice ensures maximum
efficiency in the application of
irrigation water and generally
minimizes tatlwater, and substantial
improvements in irrigation efficiency
have been recorded. Experiments with
the level-basin techniqueé in the
imperial Valley are currently being
conducted. Limitations to expansion of
its use are the farmers' inability to
accurately determine the amount of
irrigation water needed and the

Discrict's instiiiI) il
deliveries, This i3 t=czusis

basin fialds, too much vatsr canm be i
as damaging to crops as toe little.

On-farm Maintenance of Optimum
S0il Holsture

Replacing moisture in the soil profile
in the proper amount and the correct
time is essentlal for maximizing crop
yields and achieving good unit irrigatio
efficiency. A program which accurately
monitors the amount and rate of soil
moisture depletion by crops can lead to
more precise ordering of irrigation
water actually needed, thereby reducing
over-ordering and excessive tallwater
and generally increasing unit irrigation
efficlency, which is about 75 percent
at present.

Some parts of the southwest currently
have programs, called irrigation
management scheduling (IMS), which have
been devised to attain just these goals
IMS programs gemerally imvolve the use
of 2 soil moisture moniltoring instrumest
such as a neutron probe, which can give
investigators precise information of
actual moisture content at various depthj
in the soil profile.

IMS programs are generally offered as 3
service by private comsulting groups.
They are sometimes sold as a package t0
growers and may include monitoring for
fertilizer and pesticide requirements &%
well. A typical service conducted in
the San Joaquin Valley of California g
costs growers $30 for labor and materi t
to sink a permanent access hole to servt ;
as a soil molsture monitoring site. E8
site can serve on the average up to

8§ hectares (20 acres). The Soil
Conservation Service, El Centro, repor®
accurate results with one access site
for 32 hectares (80 acres). After the
access tube is in place, molsture
monitoring costs a grower $8 to $12 pet
0.4 hectare (1 acre) per year (Seatod, .
1981)., USBR reports its IMS program 3°
the Wellton-Mohawk Valley of Arizona '

ATt
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juse neutrcn probes are delicate
-ruments that require caretful
dl 3z and frequent calibrating, it is
ally advisable for farmers to subscribe
a service or organization trained in
. correct use of the probe, However,
mers can be trained to operate their
neutron probes and perform the
itoring themselves. A neutron probe
rently costs $3,200 to $3,500. A
ining course and operating license
required before a probe can be used.
rating costs are negligible, the time
juired to take one reading is generally
‘er 10 minutes, Familiarity with the
sipment and the soil cuts monitoring
e and number of readings.

experiments within the Imperial
.ley, the El Centro office of the Seil
iservation Service reports achieving
it irrigation efficiencies of up to
percent by scheduling irrigation
‘h the use of the neutron probe., Other
.dies utilizing the neutron probe show
ical unit irrigation efficiencies in
2 Yellton-Mohawk Valley can be improved
10 o 25 percent. These studies, as
11 . others conducted in the San
aquin Valley (Fereres and Puech, 1979),
ggest a high potential for saving
rigation water at a reasonable
vestment. The Department has worked
th the Soil Conservation Service in
nducting on-farm studies of saving
rigation water by using the neutron
‘obe in Imperial Valley.

widespread use of the IMS approach to
‘rigation scheduling could reduce the
‘ed for irripation water in the
lstrict, For example, an overall
’®rage reduction of 10 percent in

‘ter applied for evapotranspiration
wld save as much as 185 000 cubic
kametres {150,000 acre-feet) annually.

Alternative Irrigation Methods

1 . . .
'® Purpose of irrigation is to replace
moisture and maintain it at a

o
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meétic conditicns,
and ability ro measure
moisture depletion,
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”D(l

water demand,
rates of soil

The predominani methods of irrigation
within the Imperial Valley are border
and furrow systems. Sprinkler systems
have come inte widespread use in the
last decade for seed germination.

Using sprinklers for this purpose
results in water savings and uniform
and dense crop stands, when compared

to the once predominant method of
surface irrigation for seed germination,
Once a crop stand 1s established, rhe
sprinkler systems are invariably

removed from the field and the remaining
irrigations are performed by border and
furrow systems.

Water probably could not be saved

through the use of sprinkler and/or drip
irrigation systems as a replacement for
surface systems in the Imperial Valley.
Research shows that the high operating
costs associated with sprinkler
irrigation of alfalfa in the Imperial
Valley usually make it uneconomical for
applying water during an entire cropping
cycle (Hagemann and Ehlig, 1980). There
also exists the possibility of salt
damage to certain truck crops, such as
tomatoes, which can absorb salt through
their foliage as it is wetted by
sprinklers that apply irrigation water at
2z slow rate and with a dissolved salt
content greater than 600 mg/L (Maas, 1980).
The high rate of evaporation of water
applied through sprinklers is also a
critical factor in the Imperial Valley.
This problem can be somewhat alleviated
by irrigating at night. Such physical
and ecopnomic limitations reduce the
probability that sprinkler irrigation
could entirely replace surface
irrigation in the Valley to obtain
savings in water use,.

The high investment, labor, and

maintenance costs of drip systems, in
addition to the low capability of those

39
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ic2ms to lezch cut soil salts, make
zir use impractical for applying

tv  during an entire cropping cycle

r the majority of Imperial Valley

ops. Some experimentation with
sposable "tape" drip systems does show
>mise for certain truck crops. Fields
th such systems would have to be

tated with traditional surface systems
flooded between cropping seasons to
successful in leaching salts,

:liminary results of such experiments
* not convincing enough to foster
dve promotion of the systems,

2 most recent estimates of the
wparative cost between the
stallation and operation of various
rigation systems are from leaflet
!5 of the University of California

perative Extension Service (rev, 1978),

8 report summarizes irrigation costs
the basis of total initial investment,
well as continuing labor and operating
its. Variable inflation since these
jures were published prevents the

i’ red use of the figures; however,
*r..ative costs of the different

items may be considered to continue
hold true.

sed on the report's information, the

it of wheel line sprinkler systems runs
percent higher than that of a furrow
item and 22 percent higher than that of

‘der systems on the basis of 0.4 hectare

acre), Hand-moved sprinklers cost

Percent more than furrow and 30 percent
re than border systems on the same basis.

a

® cost of drip {rrigation is 29 percent
ther than furrow and 36 percent higher
i border, also on the same basis,

Irrigation Efficiencies

ther pogsible opportunity for saving
8T would be through improved unit
‘1gation efficiencies within the
‘ITict, To help gain perspective, a
rfal comparison was made with the
*“lencies in other irrigation

Ir 5,

Efficiencies Within District

ET rates for major crops in the area
have been estimated through the use

of empirical formulas, such as the
Blaney-Criddle and Penman, and

measured through the use of welghing
lysimeters at the U. S, Departwent of
Agriculture, Imperial Valley Conservation
Research Center in Brawley. Kaddah and
Rhoades in 1976 used ET values derived
from the Blaney-Criddle formula and the
Imperial Valley Conservation Research
Center to determine gross ET for major
Imperial Valley crops for calendar year
1973, Using thelir ET estimates to compute
the District irrigation efficiency,

ET * applied water x 100 percent, a result
of 62,6 percent is obtained. Because
soluble soil salts must be leached in
Imperial Valley to retain soil fertility
(Hermsmeier, 1978), a certain additional
percentage of water must be applied to
achieve adequate leaching.

A recent Department memorandum (1980)
summarizes estimated ET for major
Imperial Valley crops. These values
closely agree with other available values
published for the Valley. Table 9 shows
average irrigated areas and potential ET
for major crops in Imperial Valley for
1977-79. In this table, the ET listed
represents the potential water use if
all crops and all acreage used the
maximum amount of water applied. The
physical situations of soil variability,
slow percolation, high soil temperatures,
and, In the case of alfalfa, the need
for frequent cuttings and mechanical
harvesting result in an actual ET less
than the calculated potential for
Imperial Valley crops. These physical
situations make conventional estimates

of unit irrigation efficiency difficult.
Precise estimates of unit irrigation
efficiencies require accurate information
on actual or empirically derived ET
values, applied water, leaching fraction,
variability of growing seasons, and net
irrigated and multiple-~cropped areas,

For this investigation, the best appreach
for determining total IT znd Districe

SLoEmae.

TNl L F

I eepe s o g
de g T AT g s N
L T e A el .




i

i
I

R

irrigation efficiency is to subtract net
surface and subsurface drainage flows

to the Salton Sea from the reported
deliveries to users. Using average
values for the 1975-79 period, the
following ET value and District
irrigation efficiency are derived:

Total flow to the Salton Sea less water
from Mexico = 1 323 000 cubic dekametres
(1,073,000 acre-feet)

Sstorm runoff component of Salton Sea
flow

I

50.8 millimetres (2 inches) over
243 000 hectares (600,000 acres)
123 000 cubic dekametres
(100,000 acre~feet)

it

Canal seepage component of Salton Sea
flow

= approximately 50 percent of
canal seepage from District
main canals and laterals
247 000 cubic dekametres
T(200,000 acre-feet) x .50
173 000 cubic dekametres
(100,000 acre-feet)

District deliveries to farms
= 3 129 000 cubic dekametres
(2,537,000 acre~feet)

Flow to Salton Sea derived from
District deliveries to farms

= total flow to Salton Sea - storm
runoff component - canal seepage
component
1 323 000 - 123 000 - 123 000
1 077 000 cubic dekametres
(873,000 acre-feet)

ion

ET

deliveries to farms - component

of flow to Salton Sea derived from
Distriet deliveries to farms

3 129 000 - 1 077 000

2 052 000 cubic dekametres
(1,664,000 acre-feet)

The District reports that the net
average irrigated area for 1975-79 was
185 100 hectares (457,400 acres). On
a unit basis, the net ET is then

11,09 cubic dekametres per hectare

(3,84 zore=Ifass 2ev r

-

t ot

a ¥, which is i=
accord with the Districet's reported
1967-76 average of 10.9 cubic
dekametres per hectars {(3.39 acre-feet
per acre) (IID, 1977}).

District irrigation efficiency
ET

= deliveries to farms x 100

_ 2 052 000
3 129 000

x 100 = 65.6 percent
(say 66 percent)

Unit irrigation efficiency includes

a 15 percent of ET leaching fraction

_ (2 052 000) + (2 052 Q00 x 0.15) x 100
3 129 000

75.4 percent (say 75 percent}

i

The quantities of precipitation and
canal seepage are the main variables
invoived in developing these ET and
efficiency estimates, For the five
years of 1975-79, the average
precipitation over the Imperial Valley
was 92.2 millimetres (3.63 inches).
Generally 35 percent of the annual
precipitation is consumptively used
by crops and other plants in the
Valley; when applied to 1975-79, this
would equate to 33 millimetres

(1.3 inches). Of the remaining

59,2 millimetres (2.33 inches),

50.8 millimetres (2 inches) is
estimated to have entered the New and
Alamo Rivers as storm runoff over

243 000 hectares (600,000 acres) of
the rivers' drainage area within the
Valley. The remaining 8.4 millimetres
(0.33 inch) was either directly
evaporated, deep percolated, or ram |
off to the Salton Sea directly or vidj
subordinate stream channels. 4

Annual canal seepage losses within
the service area of the District have
been estimated to be 247 000 cubic
dekametres (200,000 acre-feet), as
shown in Table 8. Of this amount,
half is estimated to be intercepted
by tiled and open drains, which conv
the water into the New and Alamo Rini
channels. The remaining seepage 105771
enter the Salton Sea via subsurface

e




v and subordinate strezm channels;
? percolate; evaporate from soil,
er, od stream surfaces; or are
sumptively used by crops or
eatophytes along river, stream,
drainage channels.

ure 7 illustrates the relationship
ag water deliveries te farms,
reyance losses, precipitation, and
vs to the Salton Sea, As shown in
s figure, flows to the Salton Sea
more closely influenced by
iveries to farms than by either
7eyance losses or precipitation.

Report for General Soil Map, prepared
che Imperial Irrigation District and

Soil Conservation Service and
-ished in 1967, states there are
0il assoclations (a combination of
- types) within the Imperial Valley.
teen support irrigated agriculture.
5 characterized as having slow
eability underlay 85.5 percent of
irrigated acreage in 1967. The

ability of these soils, especially -

- T ect to permeabllity, must be
ide.ed by farmers when determining
rrigation order.

erd, et al., (1979) determined that
our representative Imperial Valley
5, two were insufficiently leached
U normal irrigation practices and
¥ere excessilvely leached. Those
fficiently leached, the Imperial
Meloland, represent 40.5 percent

farzers; however, due to the phyvsical
conditions mentioned abcve, part of the
water applied for leaching does not
percolate and generally results in
surface tailwater (Welch, 1980; Gilbert,
1980). Reports published in 1962 and
1964 by the U. S. Department of
Agriculture suggest leaching fractions
ranging from 12 to 33 percent of BT
should be applied to major Imperial
Valley crops to maintain a favorable salt
balance in the Valley and to optimize
crop yields. Based on these reports,
the average recommended leaching
fraction for the Valley 1s 15 percent
of ET. This leaching fraction was
confirmed by Hermsmeier in 1981, who
indicates that, although it varies
greatly, the average in the Valley is
between 10 and 15 percent of ET.

Calculations made for this report
indicate that the average leach water
application in the Valley may be
considerably higher than is generally
thought. Unfortunately, leach water
and tailwater cannot be separated
because no reliable dataz are available.
Approximately 688 000 cubic dekametres
(558,000 acre-feet) of taiilwater and
excess leach water is in the drain water
entering Salton Sea. Tailwvater was
estimated to be at least 469 000 cubic
dekametres (380,000 acre-feet) in
Chapter III, leaving at least

220 000 cubic dekametres (178,000 acre-
feet) of excess leach water.

11 soils in the Valley, or 66 percent

By adding 15 percent for leaching, a
he irrigated agricultural soils. The

unit irrigation efficiency of 72 percent

$slvely leached soils, the Holtville
Indio, represent 13.5 percent of

%Y soils, or 24 percent of the

fated agricultural soils.

Teh in the Imperial Valley suggests
» because of the variabilicy of soil
s slow percolation of water through
Valley soils, and excessive soil
‘Tatures, leaching is not always

‘te (Lonkerd, et al., 1979; Gilbert,

A leaching requirement of 5 to
‘Cent of estimated ET is considered
PT & by some Imperial Vzllev

can be calculated using data from the
Kaddah and Rhoades study. This
percentage closely approaches the

70 percent irrigation "district
efficiency" in 1978 reported by the

USBER and shown in Table 10. This

table shows that the District's "district
efficiency™ is higher than that of

10 other Colorado River area irrigation
districts and Indian tribe projects,

Comparison with Other Districts

To make a gensrzl comparison among
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DELIVERY EFFICIENCLES OF IRRIGATTON DISTRICTS

TABLE 10=

In percent

‘----...,,‘___.~'I

1975 1976 1977 1978

Imperial Irrigation District

unit efficiency 73 80 81 77

district efficiency 65 71 73 70
Coachella Valley W.D.

unit efficiency 51 30 55 53

district efficiency 43 44 46 46
Reservation Div, I,D.

unit efficiency 45 47 58 60

districe efficiency 36 38 47 50
Y.C.W. 0.4, (Valley Div,) I.D.

unit efficiency 64 80 71 72

district efficliency 49 60 54 52
Yuma Mesa Irrig. & D.D.

unit efficiency 33 33 29 32

districe efficiency 30 30 27 30
Unit "B" Irrig. Dist.

unit efficiency 33 32 35 38

district efficiency 3z 31 33 36
Yuma Irrigation Dist.

unit efficiency 62 63 61 61

districe efficiency 59 61 59 53
North Gila Irrig. Dist.

unit efficiency 29 40 46 42

district efficiency 28 30 43 40
Wellton-Mohawk Irrig. Dist,

unit efficiency 55 52 63 64

district efficiency 50 47 57 57
Colorado River Indian Tribes

unit efficiency 57 65 76 64

districg efficiency 44 50 58 48
Palo Verde Irrig. Dist.

unit efficiency 46 33 45 42

districe efficiency 36 26 35 33

* This table is based on Exhibit C from an
In Civil Actien No. 76-10957 in United St

itee: U, g, Bureau of Feclamation, unpublished, 1979,

"Affidavit of Maurice N. Langley,.."
ates District Court, (no date),
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ial Irrization District cperations
i thmse of Central Valley irrigation
st1 ts, the following information wag
apiled from discussions with various
abers af the Department staff who are
miliar with Califernia irrigation
ictices. A total of five Central

lley irrigation districts were compared:
stlands Water District, Fresno; Fresno
cigation District, Fresno; {orcoran
igation District, Corcoran; Tulare

te Basin Water Storage Districe,
rcoran, and Buena Vista Water Storage
strict, Buttonwillow. Information on
:se 1is given in Table 11.

: crops grown within these districts
2 similar to those in the Imperial
lley, namely, small grains, cotton,
;ar beets, alfalfa, and truck crops.
e of the districts have additional
:as of extensive orchards and
leyards, e.g., Fresno Irrigation
itrict, 1Irrigated area ranges from
'roximately 20 100 hectares (49,700
es) in the Corcoran Irrigation District
221 400 hectares (547,000 acres) in
2 ¥V tlands Water District. Irrigated
‘edge In the Tmperial Valley was
3 200 hectares (460,000 acres) in 1979,

tls within these districts are somewhat
parable to those in the Imperial

tley, being of fluvial origin: clay,
3y loams, and sandy loams.

3t Central Valley water districts
itioned receive irrigation water via
N, unlined canals. Westlands, Tulare,
d Buena Vista districts additionally
*elve water from the concrete-lined
tfornia Aqueduct. Westlands, which
Served by the California Aqueduct
‘eI releases into the Delta-Mendota
2l, delivers irrigation water to
"85 by buried pipeline. Water for
‘tgation is derived from several
‘*ace sources, which include the
BS, Kaweah, Tule, and Kern Rivers,
‘¢ Shasta, USBR (via Delta-Mendota
al), and stare Water Project via

" California Aqueduct.

ater is pumped and used for

irrigation in all the districes,

Major water storage features exist
within 160 kilometres (100 miles) of
each district, Major reservoirs

serving the districts in the San Joaquin
Valley are Pine Flat Lake, Lake Kaweah,
Lake Success, Lake Isabella, and San P
Luis Reservoir,

Water quality is generally very good in |
comparison with that of Colorade River #
water: Kaweah River at Terminus Dam =
65 mg/L TDS content; Kings River near
Trimmer = 30 mg/L TDS; Tule River below
Lake Success = 162 mg/L TDS; Kern River
at Isabella Dam = 69 mg/L TDS; and

State Water Project at 0'Neill Forebay =
160 mg/L TDS, at Kettleman City =

203 mg/L TDS, and at Buepna Vista Pumping
Plant = 193 mg/L TDS. (The State Water
Project values are averages for 1980.)
IDS content of Colorade River water
delivered through the All-American

Canal averages 890 mg/L.

Furrow and border surface irrigation
techniques predominate in the Central
Valley districts., Westlands Water
District is an exception; sprinkier
systems are common there because the
district Is young and was ocriginally
developed on deep well water., 'The
price of obtaining water was initially
high, which offered an incentive to
apply water with maximum uniformity
and efficiency.

Central Valley and Imperial Valley
district irrigation efficiencies are
above average for the State: between

60 and 70 percent. Westlands Water
District has achieved an even higher
efficiency, estimated to be between

70 and 80 percent (Morris, 1981;
Stromberg, 19Bl). The common use of
sprinkler irrigation systems, the
practice of IMS, and the accurate
measurement of irrigation water
delivered through meters has contributed
to its irrigation efficiency. Tailwater
recovery systems are popular throughout
most of the Central Valley, partly
because there are no drains into which




railwater can be directed,

The very fine-textured soils in some of
the districts and the very low natural
topographic gradient combine to praduce
drainage difficulties on many farms.

Much tile drainage has been installed in
an effort to counteract drainage problems,
cffluent from these drains being either
spread at evaporation ponds or discharged
into the San Joaguin River or, in the
case of Westlands Water District, into
the San Luis Drain. Irrigating with the
high quality water causes problems of
sealing in some soils and the practice of
blending lower quallty ground water with
incoming surface water 1s common.

The fact that excess applied water can
be used beneficially by others adds to
the overall Central Valley district
irrigation efficiencies. In the Buena
Vista Water Storage District, surface
runoff generally flows into drains where
farmers downstream pick it up for
irtigation of their fields. Other excess
surface water contributes to ground water
replenishment.

The price of irrigation water in these
districts is reported to be between
$9,70 and $29 per cubic dekametre (512
to 436 per acre-foot). The higher price
for water results from the common
practice of blending one part ground
water (cost of $56 per cublc dekametre,
or $69 per acre-foot) with three parts
surface water priced at $6.50 per cubic
dekametre ($8.10 per acre~foot).
Irrigation water within Imperial
Irrigation District is priced at $6.08
per cubic dekametre ($7.50 per
acre~foot).

Water conservation management practices
are used most intensively in the
Westlands Water District. In addition

to the common use of tailwater recovery
systems, IMS is practiced by many growers.
This service is provided at a cost of $8 -
$10 per 0.4 hectare (1 acre) per Year.

The service is mainly privately provided;
however, the Westlands Water District

does have some technicians who assist

in che progre=. czstivacted IT rales
for major Crops are repari

the local newspapers.

When Imperial Irrigation District is
compared with districts in the Central
Yalley, overall district irrigation
efficiency in Imperial Valley is ouly
about 2 percent belaw the average
Central Valley district efficiency,
while average conveyance efficiency is
10 percent higher than that in the
Central Valley districts. Water
conservation activities in the District
have significantly improved irrigation
and conveyance efficiencies in the
Imperial Valley over the last two
decades,

Summary of Opportunities
to Save Water

There are opportunities for saving
water in the District system in
addition to those involved in the
practices noted in the Elmore
allegations, Department calculations
jndicate lining a portion of the
All-American Canal from Pilot Knob to
the East Highline Canal can produce an
estimated savings of 86 000 cubic
dekametres (70,000 acre-feet) per
year. Lining an additional

834 kilometres (518 miles) of
distribution canals would save an
estimated 136 000 cubilc dekametres
(110,000 acre-feet) per year. Expansict
of the seepage recovery system along
unlined canals could save up to

37 000 cubic dekametres (30,000 acre-
feet) per year.

The proportion of water contributed as
tallwater or leach water within the
District is unknown. From measured '
drain flows, it is known that 34 perce®
of delivered irrigation water is not
consumptively used on farms. It is
believed that approximately 2 parcento
overall deliveries are spilled at the
ends of canals. Therefore, the remai®’
32 percent must come from tailwater ant
leach water. The range in water whic



ich component may be contributing is
:lustrated in Figure 5,

we.c oplnion indicates the average
saching fraction to be approximately
5 percent of ET (or 10 percent of
rerall deliverles), If this is the
ase, tailwater flows could be as high
5 22 percent of District deliveries.
mversely, the leaching fraction may
a2 much higher, ranging to 26 percent
I (17 percent of overall deliveries),
ad tailwater would then be about

5> percent of the overall deliveries,

f the average leaching fraction is
ubstantially over 15 percent of ET,

there would e an oppovounity to save
water D reducing it through more
accurate methods of determining and
accomplishing leaching in Valley
soils, Leach water excess to that
which expert opinion says is adequate
for leaching in the Imperial Valley
could be as much as 220 000 cubic
dekametres (178,000 acre-feet).

Thus, there is an overall opportunity
for saving, beyond that identified

in Elmore's allegations, of about
479 000 cubic dekametres, or

388,000 acre-feet (leach water of
220 000 cuble dekametres + canal
seepage of 259 000 cubic dekametres),

¢ e p————

oo e i1 n1
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V. POTENTIAL USES FOR SAVED WATER

There are numerous potential uses for
water that might be made avallable as
a result of improving conservation
practices in the District and lining
the All-American Canal. Some of the
uses would be within the District and
others would be autside, Some
potentlal uses could require new
agreements or changes in existing
institutional arrangements for
jimplementation.

The discussion deals, with (1) possible
uses of Colorado River water that might
not be needed to maintain present
production in the Imperial Valley if
improved conservation practices were
followed, (2) possible uses for this
water outside the Discrict, and

(3) potential uses of the present drain
water,

Possible Uses of Colorado
River Water by the District

Tt is emphasized that the water which
might be saved is, in fact, water that
is now diverted from the Colovrado River
under the apportionment to the Imperial
Trrigation District. To the extent that
the District can make beneficial use of
that water, it has the option to do so.
The alternative potential uses described
in this chapter illustrate the range of
values to be considered in justifying
the expenditures necessary to save
portions of the water mow lost,

Existing District Lands

—

The District now diverts at Imperial Dam
and receives at Drop 1 water in excess of
This excess

its present perfected right.
amounts toe 370 000 cubic dekametres
4300,000 scre-feet) at Imperial Dam and
247 000 cubic dekamatres (200,000 acre-
feat) at Drop 1. After the Central

/—'—\\__,/\\_/

Arizona Project comes on line, the
District will have to save this amount
of excess water to maintaln its present
irrigated area.

West Mesa Lands

/qualicy and quantity of Colorado

The District has stated that lrrigating
lands in the West Mesa area will have
high priority for any conserved water.
The West Mesa contains 8 000 to

40 000 hectares (20,000 to 100,000 acres)
of gently sloping loamy sands, which
have a potential for being developed for
agriculture.

Most of the soils in the area have a
low inherent fertility and low water-
holding capacity (IID, 1967a);
therefore, substantial soil amending
would be needed to improve soil
conditions for production, Also, the
West Mesa lands are 8 to 30 metres

(25 to 100 feet) higher in elevation
than the closest District canal, and
water for irrigation would have to be
pumped from the canal to the fields.
An extension of the Westside Main Cansl
would be the likely source for delivery
of this water.

The use of Federal lands for right of
way would need approval of the Secretsf]
of the Interior before much of the Wes®
Mesa lands could be irrigated. Also,
the Distriect should investigate the
legal and institutional considerationd
regarding the use of conserved water 0f
new land within the District.

Other Possible Uses of f

Colorado River Water

Mexican Treaty Water ?

international agreements guarantee
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witer delivered to Mexico,

er. lexico has had problems with
gL ity of rhe water delivered
1ss the border, and the United

res has found that permanent
utions, such as desalting, are

ansive.

che District reduces 1ts water

is by conservation programs, Lt
id reduce its diversions from the
srade River, The increased River
s would assist the United States
neet its commitments to Mexico,

1 the possibility of temporarily
ucing the demand on the planned
eral desalting facility in Yuma,
zona, This could result in an
gy savings to the United States.

‘hella Valley Water District

‘hella Valley, through the Coachella
-ey Water District, uses Colorado

iy water for irrigation. Its water
its are in the same block as are

se of Imperial Irrigation District
ar  higher in priority than those
‘Bhiwd to coastal Southern California
2le 3). Further, a spokesperson for
hella Valley Water District* has
ted that it can beneficially use
salvaged water not used by the
erial Irrigation District.

Coachella Valley has about

000 hectares (96,000 acres) of
gable land, of which about 24 000
tares (60,000 acres) is now under
lgation. The remaining land could
Cultivated if water were available.

Bg the Colorado River

October 1980, Public Law 96-375 was
Sed by the U, S. Congress authorizing
Secretary of the Interior to engage
€asibility investigations of certain

water resource Jeveloprents, Liem 13
of this act deals with the feasibilit:
of obtaining a water supply of up ro
12 300 cubic dekametres (10,000 acre-
feet) per year "for existing and
potential domestic, recreational,

and municipal water users along the
Colorado River in California [such as
the City of Needles] who do not hold
water rights or whose rights are

insufficient to meet their requirements,"

Reduced diversions from the River ro
the District may provide the supplies
needed to assist these water users.

Coastal Southern California

Diversions to cecastal Southern
Callifornia will be decreased when the
Central Arizona Project begins
operation after 1985, forcing Southerm
California to import more water through
the State Water Project (SWP). If the
Imperial Irrigation District reduced
its water needs and diversions from the
Colorado River through conservation
programs, the water left in the river
(savings) could be made available to
other Colorado River water users. If
the water could be made available to
coastal Southern California, that

area could reduce its purchase of SWP
water by the same amount, temporarily
reducing demands on the SWP system.

Water delivered to coastal Southern
California from elther the Colorado
River or the Sacramento-San Joaquin
Delta (i.e., SWP) must be pumped. The
costs of electrical capacity and energy
represent the major portion of water
delivery costs. The energy required to
deliver 1.23 cubic dekametres (1 acre-
foot) of Colorado River water is about
2000 kilowatthours, while the energy
required to deliver the same amount of
SWP water is 3200 to 3300 kilowatthours,
depending on the point of delivery,®*

Toveis - -
¥ell 0. Weeks, General Manager—Chief Engineer, at Scuthern Californiz Water

Conference meeting, May 18, 1981,

-*8inning in 1984 with the completion of the William E. Warne and Alamo {formerly

-

: iter,

jﬁ;tonwoed} Powerplants, 2622 to 3216 kilowatthours will be required to deliver

- e el



Aeegiter favter Lo be congiderad ulan
contemplating the reduction Gf 3W?
imports LO gouthern California through
tne increase of Colorado River imports
is the difference in water quality. 5WP
warer delivered to Scuthern California
Lhas a THS content of about 250 mg/L,
while that of Colorado River water {on
the Colorade River Aqueduct near San
Jacinto) is about 700 mg/L. The higher
salt content of the Colorado River
water results in an estimated average
iperease in water use penalty costs of
544 to $56 per 1.23 cubic dekametres

(1 acre-foot) for municipal water users
when compared with the 500 mg/L blended
water now served by The Metropelitan
Water District of Southern California
(MWD), which is about 50 percent SWP
water and 50 percent Colorado River
water.

The approximate cost of reducing the
salinity by 200 mg/L (i.e., 700 mg/L
to 500 mg/L) using the reverse osmosis
desalting process and blending is about
589 per 1.23 cubic dekametres (1 acre-
foot) (1979 costs), using aboutr 760
kilowatthours of energy per 1.23 cubic
dekametres. These estimates are based
on Orange County Water District's
operational costs of its 19 megalitres
(5 million gallens) per day reverse
osmosis system (Cline, 1979).

Facilities for transporting water to
coastal Southern California exist and
excess capacity will be available after
1985; however, a SpokeSperson for

MWD* has stated that, because of the
higher priority of Colorado River
agricultural contractors within
California and other factors cited in
this report and in correspondence
presented in Appendix G, "™MWD does not
believe it would be practical to plan
on the use of salvaged 11D water wichin
its area... We see no practical way in
which Metropolitan carn acquire any
permanent rights to water salvaged
within IID, and it would be misleading

E] [ RS oim e
Sow w2 leUaTIUND L0 g 2 R PR T
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Whish raizes tiis possibliiicy as chou

it had real credibilicy'.

0.

Any salvaged water made avallable would
wave no effect on the Peripheral Canal,
which is a multipurpose project vitally
needed to correct existing water quality
and fishery problems in the Sacramento-
San Joaquin River Delta. On April 16,
1981, the Department issued a statement
explaining the need for the Peripheral
Canal and other future elements of the
SWP. This statement 1is given in
Appendix H.

potential Uses for Drain Water

Drain water now entering the Salton Sea
from the Imperial Valley has potential
uses, Diverting this water would reduce
the rate of rise of the Sea level; it
would even lower and provide an
opportunity to stabilize the Sea level.

Expansion of Wildlife Preserves

1t has been proposed that the wildlife
preserves along the southeastern shore
of Salton Sea be expanded. Drain watel
from New and Alamo Rivers would be used
for growing food for waterfowl. A
proposal by the california Waterfowl
Association would use up to

247 000 cubic dekametres (200,000 acre”
feat) annually.

Development of Geothermal Power

Four major known geothermal resource
areas are in Imperial Valley. Water
from irrigation drains could be used
for geothermal power plant cooling watef
and for injection to replace hot prined
extracted to develop power. Filings
for water rights to divert flows frod
the New River for these uses have ‘bee?
made by Chevron USA, S5an Diego Cas and
Electric Co., and City of Los Angeles:
Department cf Water and Power.

__/

* David N. Kennedy, Assistant General Manager, at Sputnern California Water

Conference meeting, May .8, 1981.
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tith gzle-telerant

5 icates that drain water could

:sed for irrigation, Scme of the

. tolerant crops are barley, sugar-

s, and cotten. Other slightly
tolerant crops are tomatoes,

-0li, spinach, alfalfa, and rice,

rse Impacts on Fisheries, Recreation

ction in the inflow to the Salton
would alleviate the threat of
.ating developments rimming the
However, significantly reducing
inflow would also: (1) lower the
1 of the Sea; (2) increase the
intration of salt dissolved in
cater; and {3) isolate shore
topments from the water's edge.

taining water guality in the Sea
ritical to the continuation of a
thy fishery. In the past several
-5, the quality has been reasonably
.le, However, as the Sea recedes,
quality will deteriorate,
inf -~ing the fishery. Research by
C. .fornia Department of Fish and
= and others suggests that the
ae species of sportfish within the
, bairdiella (Bairdiella icistia),
30 (Anisotremus davidsoai), and
agemouth corvina (Cynoscion
thulus), will experlence adverse
slological impacts if salinity of
: water rises above 40 000 wmg/L
:sker, et al., 1972; Brocksen and
e, 1972)., Current (September 1981)
inity in the Sea is 38 800 mg/L, and
+ USBR has projected it to surpass
000 mg/L by as early as 1990, with or
"hout reduction in agricultural runoff
‘® the Imperial Valley (USBR, 1981L).
iTte is some evidence to suggest that
! bairdiella and orangemouth corvina
/ tolerate a gradual increase in
iuity to concentrations as high as
000 mg/1 (Hamson, 1970).

e flocks of ducks, geese, and shore
‘fs are attracted to the several
=life management areas on the shere

T - e . - o 1 - -0 - -
s oA TLT - oL o Tt Thieg noTinern

& of the Alame River. These

1

water to provide a suitable aquatic
habitat for bird sanctuaries and the
production of forage vegetation. Tae
rise in the Sea level has inundated a
portion of the shoreline area of the
Salton Sea National Wildlife Refuge,
reducing its size.

Although drainage water generated in
the Imperial Valley is the primary
source for maintenance of the surface
level of the Sea, no means exist for
regulation of these flows. The Sea
serves as a repository for drainage
water, and 1ts water surface elevation
has fluctuated toward higher levels
with agricultural expansion. These
higher levels have resulted in nearly
$22 million in damages to Federal,
State, and private shoreline properties.
Mo future water surface elevation can
be guaranteed because of the variability
in precipitation and evaporation over
the Salten Sea's 21 650-square~kilometre
(8,360-square~mile} natural drainage
area and the variability of irrigation
practices in the Imperial and Coachella
Valleys. The reduction of inflow rate
might provide conditions which would
stabilize or minimize the fluctuation
of the Sea level, However, it could
also cause a significant drop in the
water surface. Table 12 was developed
to provide an approximation of the
magnitude of the possible decline in the
elevation of the Sea. The Sea elevation
calculations for the table assume that
the water identified as the amount that
could be saved in the District (454 000
cubic dekametres, or 368,000 acre-feet)
would be used in the District at an
efficiency of approximately 75 percent,
with 25 percent flowing to the Sea.
Calculations in the table were not
carried to the stabilization point.

Legal and institutional concerns in
development of the Sea can be found in
a Federal-State feasibility report,
"Salton Sea Project, Califormia", April
1974, prepared by the U. §. Department
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ESTIMATED [OWERING OF SALTON SEA FROY RISUCLS
ACRICULTURAL DRAIN WATER

In 1,000 acre-feec?’
b/ Inflow Surface Surface
Volume— Total reduction Qutflow Change areaE/ elevation
of inflow | below from Sea c in af Sea, of Sea,
Year | Salton Sea | to Sea 1981 {evaporation) | storage | in acresﬁ/ in feerd
1981 7,220 1,541d/ 0 1,645 0 244,000 -227.08/
1982 7,316 1,471 70 1,452 96 245,200 -226.5
1983 7,335 1,401 140 1,452 19 245,200 ~«226.5
1984 7,284 1,331 210 1,448 ~-51 244,500 -226.8
1985 7,167 1,265 2765/ 1,642 ~117 243,400 —227.4
1986 6,990 1,265 276£/ 1,427 ~177 241,000 ~228.0
1987 6,828 1,265 2768/ 1,420 ~162 239,750 -228.5
1988 6,673 1,265 2768/ 1,409 ~155 237,920 -229,2
1989 6,529 1,265 276£/ 1,397 ~144 235,890 -229.9
1990 6,397 1,265 2768/ 1,389 S132 234,640 ~230.4
a a/ Acre-feet x 1.2335 = cubic dekametres; acres x 0.40469 = hectares;
2 feet x 0.3048 = metres, :
33 2/ Volume and surface area derived from area capacity curve in U. S. Department
m of Interior - The Resources Agency "Salton Sea Project, California",
£ April 1974.
N ¢/ Evaporation assumed to be 1800 millimetres (71 inches) per year over the
L surface area of the Sea,
- d/ Initial inflow assumed to be equal to the total for 1980 (Table 1).
i e/ 1Initial surface elevation is the average for January through September 198l.
£/ Assume 75 percent of saved water used on expanded District crops becomes
ET (368,000 af x 0.75 = 276,000 af) and 25 percent flows to Salton Sea.

of the Interior and The Resources Agency ground water in the East Mesa that wot
of California. The report was submitted affect subsurface flows intc the Sea;
by the secretaries of the two agencies, (d) effect of possible outstanding ua:
but ne funds have been allocated for right claims; and (e) benefits from U
implementation. projeect to riparian owners offsetting

detriments that might be claimed by Tt
Major issues discussed 1in the report are: of lowering {or increasing) Sea levelf
{a) continuation of the present sources
{and amounts) of drain water to the Sea; Several Federal, State, and local ag®
(b) flooding rights up to the anticipated would be involved in solving the leg
mawimunr water levels; {(c) extractions of and institutional problems of the 3&2-




VI, SIGNIFICANT FINDINGS

On the basis of this investigation, the
Department of Water Resources has
determined that water losses are
occurring within the Imperial Irrigation
District's water supply and distribution
facilities and elsewhere in its service
area, It is the Department's opinion
that certain of these losses can be
reduced or prevented., This chapter
highlights the more significant findings,

The water losses can be classified inte
three general catepories: (a) seepage
from unlined canals in semipervious to
Pervious soils; (b) losses due to
spillage because the existing facilities
tannot store much of the water which,
once ordered, is rejected by the farmers;
and (c) on-farm losses associated with
the farmers' failure to accurately
Predict irrigation needs and to adhere
tr ~ood irrigation practices,

Significant Losses

The most significant losses in these
Categories are:

§E§Eﬂ&ﬁ from Canals

1, Seepage losses from the unlined All-
Amerjcan Canal are substantial.
Lining portions of the eanal
traversing pervious soils could
reallize significant savings of water,

Seepage losses from the unlined
Portions of the District's main and
lateral canals are also significant,
The District's program for lining
Canals and installing seepage
Teécovery systems will reduce these
losses. The current rate of
Progress of the program, however,
Is such that it will take 15 to

0 years to complete the lining.

-celeration of the program would

realize earlier large water savings.

Losses from Spillage

1. Fresh water, at times, Is spilled
from the terminal points of several
of the canals directly into drains
and thence to the Salton Sea, This
loss of water could be reduced if
additional reservoirs, similar to
the two existing regulatory
reservoirs, were constructed at
strategic locations. The District
has a third reservoir under
construction, poilnting to the faet
that early construction of
additional reservoirs would
realize greater savings.

2. Excess deliveries are sometimes
made at farmers' headgates because
of imprecision in estimating needs.
These excess deliveries, plus
spills at canal terminals, can be
reduced by expansion of the remote
control monitoring and operation
system to additional ecanal
structures and checks, Again,
early installation of additional
equipment would previde greater
savings.

3. Excess tailwater that spills into
the drains results from the
delivery of excessive amounts of
irrigation water., This loss can
be reduced by providing more
flexibility of scheduling of farm
deliveries. Additional water
control features would make
flexible scheduling more practicable,

Cn~farm Losses

1. Unit irrigation efficiency in the
District is estimated to be about
75 percent., This can be improved
znd losses from runcff of excess



czilwaney veiulwld v os32 of sreslsion afficizngy can be achievesl ohrooinn
grading methods and bettar Zrrizarion programs providing advice on
practices. irrigation management scheduling.

Such programs are now being sponsore
2. Runoff of excess tailwater to draing by the District,
can also be reduced in some instances,
by installation of tallwater recovery Table 13 gives an idea of the quantities
| systems, which would conserve water of water now being lost and the amounts
If through reuse of the tailwater. that could be saved through implementat!
a of the measures outlined above. Figure

3. Further improvement in unit irrigation shows graphically the relative magnicude

i
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TABLE 13

ESTIMATED QUANTITIES OF WATER BEING LOST

AND THAT COULD BE SAVED
In cubilc dekametres

(acre-feet)

Estimated Fstimated amount
Source of saved water loss to be saved
Distriect Controlled
Lining All~-American Canal 96 000 86 000
(78,000) (70,000)
Lining main capnals and laterals 151 000 136 000
(122,000) (110,000)
Seepage recovery lines 896 000 37 000
(78,000) (30,000)
Canal spills (regulatory reservoirs, 65 000 62 000
automated control system,and flexible {53,000) (50,000)
scheduling)
Subtotal 408 000 321 000
(331,000) (260,000)
Farmer Controlled
Leach water (IMS, improved irrigation -
practices, and land leveling) 703 000 220 000"
Tailwater (improved irrigation (570,000) (178,000)
practices, flexible scheduling
 Subtotal ST IR 720 000
(570,000) (178,000)
Total 3 111 000 541 000
(901,000) (438,000)
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of the quantities of water delivaersd and
water saved.

It appears reasonable that the District
can accomplish the task of lining main
and lateral canals, installing seepage
recovery lines, and reducing canal
spills. The combined annual savings
would be about 234 000 cubic dekametres
(190,000 acre-feet). However, lining
the All-American Canal from Pilot Knob
to the East Highline Canal to save

86 000 cubic dekametres (70,000 acre-
feet) would be a relatively expensive
project for the District to undertake,

The less expensive more productive
projects should be given higher
priority. Table L4 shows the suggested
priorities for the various means of
saving water and Figure 9 gives the
relative costs.

By saving the 234 000 cubic dekametres
(190,000 acre-feet), the District's
conveyance system would have an
efficiency rating of 98 percent, as
compared to the present 92 percent
shown on Table 4.

Also, the present average District
irrigation efficiency of 66 percent and
unit irrigation efficiency of 75 percent

could De veisinably inzTeasad Lo 7 aC
82 percent, respectively, through an
increase in utilization of delivered
water by holding tailwater to 12 percent
of deliveries and leach water to

15 percent of ET and elimipating reject
water, This would save at least

220 000 cubic dekametres (178,000 acre-
feet) of water annually.

Thus, without lining the All-American
Canal, the District and the individual
farmers can save 454 000 cubic
dekametres (368,000 acre-feet) annually.

It should be noted that a significant
factor is the need to accelerate the
installation of facilities that will
help conserve water now being wasted.,
The key to this is financing.

The District's posture on financing
projects appears to be a 'pay as you go"
philosophy. The District will be
investing about $5 million annually in
conservation work, which could be used
to finance a large block of capital
funds (bonds) for early construction of
needed facilitiles,

Early construction can also help avoid
the ravages of inflation suffered by

the "pay as you go" method of financing

TABLE 14
SUGGESTED PRIORITIES OF
WATER CONSERVATION IMPROVEMENTS

PRIORITY 1
Non~structural

1., More flexible deliveries
2. Improve on-farm irrtigation techniques
3, Expand use of irrigation management scheduling

Seructural

PRIORITY 2 1. Line main canals and laterals
Structural 2. Expand seepage reccvery system

3, Construct more regulatory reservolrs

4, Expand electronic monitoring controls

5. Expand use of tailwater recovery systems
PRIORITY 3 1. Line All-American Canal




FIGURE 9~ COST OF WATER SAVED BY SUGGESTED IMPROVEMENTS

Elements of improvement

Cost per acre-foot*

Irrigation management scheduling

(water savings varies®+)

Seepage recovery lines $14

Tallwater recovery

Flexible delivery and scheduling

§27

Lining canals

$31

Regulatory reservoirs

| Lining All~American Canal

$115

s R

"« acre~foot = 1,2335 cubic dekametre
**Cost per acre (.4047 hectare) = $12

Evaluation of Improvements

Table 15 gives a concise summary of the
Information compiled in this
investigation as related to the water
losses that have been identified. The
CO8L estimates are from various sogurces,
48 described elsewhere in this report,
*nd may not be of a common price index,
qual reliability, or equal accuracy.
@ble 16 shows in a tabular form whether
he Suggested improvements meet the
test, ser forth in Chapter III, of
®asonableness of use for water saved.

Effects on Fisheries and Wildlife

Reducing inflow to the Salton Sea by
340 000 cubic dekametres (276,000 acre-
feet) annually would significantly
lower its water surface, as shown in
Table 12, 1In addition, there would
be a corresponding increase in the
salt content of the water, which could
adversely affect the Sea's status as a
fishery and wildlife habitat. These
impacts should be considered in
activating the water conservation
measures described in this report.
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TABLE 13

QFPORTUNITIES FOR

Improvements
Expand Construct
Line All- Line main seepage more
Elements of American canals and recovery regulatory
improvement Canal* laterals system reservoirs
Current plan 60 km (37 mi), 834 km (518 mi) Length unknown; Plans not

& projected

no completion

at 48 km (30 mi)/

no completion

firm; no cor

completion date YT 17 years date pletion dat:
to complete

Cost of $108,000,000 $1,500,000/yr; $250,000 per '$2,000,000/

improvement (1979 dollars) 17 vears to 1.6 km (1 mi); reservoir;
complete total unknown total unknos

Water saved 86 000 dam3 136 000 dam3 37 000 dam3 A combinatic
annually (70,000 af) {110,000 af) (30,000 af) 281 00Q dan’
determine
program,
3 3 3 3
Unit cost $931/dam $25/dam™ k& $11/dam” &% $28/dam” xx
of water ($115/af) (§31/af} ($14/af) ($34/af)
Energy Minor None Minor Potential f¢
impact small hydro-
generation
Barvriers to No funds Need funds to No plans; Need funds ¢
implementa-~ available; accelerate need funds to accelerate
tion comparatively completion accelerate completion
expensive completion

* Pilot Knob to East H%g
*% Tncludes 220 000 dam
*%* Based on 30-year life and 12% interest

hline Canal
(178,000 af) of leaching water and tallwater and 62 000 d2
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for saving water

Expand Provide improve Expand
electronic more on-farm use of
monitoring flexible irrigation tallwater Expand use
control deliveries techniques recovery of IMS
None None None; requires None for District
individual extensive hiring staff
effort use to use neu-
tron probes
Unknown; capi- Up to Unknown Unknown; capi- Unknown;
tal intensive $2,000,000/ variable tal intensive cost effective
for District yr, for farmers in most cases

of these programs for conserving water could save
An operations plan 1s required to

(228,000 af).**

the most effective and economical level of development for each
Each program should complement the others, not duplicate,

Unknown Variable Unknown, 36,50 to $20/dam3 Variable; prob-
variable (38 to $25/af) ably less than

. $5/ha
Lw ($12/acre)
Minor None Minor 45 kWh/dam3 None
j (56 kWh/af)

Ho plans; Need to hire Farmer accep- Porential crop Farmer accep-
need funds to new staff; tance; need reduction from tance; need
fccelerate cost burden for education higher salinity for education
Completion to user water; higher

— cost for water

(50,000 af) of canal spilis.

£l
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APPENDIX A

LETTER OF JOHN JAMESON ELMORE,
JUNE 17, 1980




JOHN JAMESON ELMORE
P.O.BOX 156
BRAWLEY, CALIFORNIA 92227

June 17, 1980

Mr. Ronald B. Robie

Director, California Water
Resources Department

1416 - 9th Street

Sacramento, California 95814

Re: Application for Department Investigation of
Misuse of Water by the Imperial Irrigation
District

Jear Mr, Robie:

California Administrative Code Title 23 Sec-
tion 4001(a) provides that upon good cause shown by any
interested person the Department of Water Resources shall
investigate any misuse of water, Pursuant to that section, I
am at this time requesting that the Department investigate the
misue of water caused by the wasteful management and marketing

Practices of the Imperial Irrigation District,

I am a farmer with significant farmland acreage con-
tiguous to the shores of the Salton Sea. As you are probably
aware, the level of the Salton Sea has been rising over the
Past years, and significantly so in the last five years. This
Tise in height is having serious adverse consequences for me.
It has been necessary, at great expense, for me to dike much of
My farmland in order to avoid submergence of my property,
Irigation water will no longer drain naturally from much of my
Property mandating the use of pumps to remove eXcess water, If

¢ sea continues to rise at its present rate, much of my farm-
lang will be flooded and destroyed for agricultural purposes.
ven if the flooding should eventually prove to be relatively

Ort term in duration, the farmiand flcoded will have lost its
Productive value due to salt pollution from the hignhly salty
Salton gea waters.
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JOHN JAMESON ELMORE
PO BOX 156
BERAWLEY, CALIFORNIA 92227

Mr. Ronald B. Robie
June 17, 1980
Page 2

Based on my own information and experience, conversa-
tions with other farmers in the vailey, and a review of the
public documents attached, I believe that the rapid increase in
height of the salton Sea has been due to the wasteful wakter
management and marketing practices of the imperial Irrigation
District. Drainage from the Alamo and New Rivers and storm
run-off do not account for the tremendous increase in the Sea
height. The Imperial Trrigation District's water management
and marketing practices misuse water by allowing wasteful,
unreasonable, and unnecessary water drainage into the Sea as a

result of the District's distribution and control of irrigation
water. The elimination of the wasteful and unreasonable drain-

.age would result in the conservation of valuable water

resources and the simultaneous stabilization of the Salton Sea
level height.

1 believe the Imperial Trrigation District misuses
water through its wasteful and unreasonable policies and prac-
tices which apparently include:

1. Maintaining canals in overly full conditions. 1In
order to provide rquick” delivery service of irrigation water,
canals are kept overly full to such an extent that over flow
gates at the terminal ends of the canals are frequently spilled
over. The use of the canals as "reservoirs” is inappropriate
in light of the significant amount of spillage and waste.

2. absence of reservoirs for regulation of canal
flows. The absence of reservoirs causes unnecessary delivery
of excess amounts of water producing spillovers and run~offs
into the Salton Sea.

3, Excess water is often delivered to farmers' head~
gates resulting in excess tail water run-off from irrigated
Fields. Water should not be delivered in an amount greaterl
than that actually needed by the farmers. Provisions should b
made to divert water to other users when farmers miscalculate
the amounts of water they actually need.

4. Absence of tail water recovery systems. Tall
water run-off is currently draining directly into the Sea.
Recovery S/skens would allow the capture of the run-off for
productive use.



JOHN JAMESON ELMORE
PO BOX 156
BRAWLEY. CALIFORNIA 82227

Mr. Ronald B. Robie
June 17, 1980
Page 3

5. Water must be ordered in 24 hour delivery inter-
vals. The delivery cannot reasonably be terminated after the
farmer receives sufficient amounts of water. Excess water from
the 24 hour delivery drains unused into the Salton Sea, Other
needy water users are not contacted to use excess water deliv-
ered during the required 24 hour period. Therefore, any mis-
calculations in estimating the amount of water needed by a
farmer results in significant waste.

As support for my position that the water management
and marketing practices of the Imperial Irrigation District
causes wasteful, unreasonable, and unnecessary water run-off
into the Salton Sea, I attach the following Exhibits:

Exhibit 1: Excerpt from a Report of Findings,
Advisory Panel on Agricultural Water

Conservation (May, 1979) dealing with
the Imperial Basin.

Exhibit 2: Excerpt from Department of Water
Resources Bulletin No. 198, Water
Conservation in California (May, 1976)
dealing with the Imperial RBasin.

Exhibit 3: Affidavit of William S. Gookin, Water
Engineering expert retained by business
owners sueing the Imperial Irrigation
District for the flooding of businesses
adjacent to the Salton Sea.

I request that the Department of Water Resourcs con-
duct a thorough investigation of all the water management and
Marketing practices of the Imperial Irrigation District. I
feel that significant conservation of water could result from
Such an investigation with the additional benefit of stabiliz-
Ing the height of the Salton Sea,

Respectfully submitted,
8@1%

ohn Elmore
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State of California
Edmund G. Brown Jr., Governor
Resources Agency
Department of Water Resources

Advisory Panel
on

Agricultural Water Conservation
(May 1979)

* * *

Report of Findings

Co-Sponsors
Senate Committee on Agriculture Assembly Committee on Water
and Water Resources Parks, and Wiidlife
Calitornia Water Commission California Energy Commission
Department of Food State Water Resources
and Agriculture Control Board

University of California




CHAPTER III. TEE IMPERIAL BASIN
(Coachella and Imperial Valleys)

{he Imperial Basin occupiles the extreme
southeastern portion of California,
mcompassing the Coachella and Imperial
‘alleys. The quality of ground water in
‘he Coachella Valley is good; but the
mperial Valley ground water is generally
msultable for domestic and irrigation
urposes, and most crops are supplied
1th imported surface water.

Water Delivery and Application

"his area (largely served by the Imperial
rrigation District and the Coachella
lalley County Water District) is defined
15 the area tributary to the Salton Sea.
rrigation water is provided to approxi-
ately 235,000 hectares (580,000 acres).
‘he water Bupply for the area is largely
‘rom the Colorade River through systems
netalled many years ago. Water supply
‘or the area is approximately 4200 mil~
lior cublc meters (3.4 million acre-

‘¢ ., The amount of water now flowing
‘nto the Salton Sea from the Imperial and
‘oachella Valleys is approximately 1200
H1lion cubic meters (1 million acre-
‘eet) apnnually. On-farm irrigation
fficiencies approximate 66 percent,
shereas the basin efficiency 1s 50 per-
-ent, The low basin-efficlency reflects
*xcesglvely large losses in the convey-
ince system and little reuse of water,

It appears there is an opportunity to
teduce diversions to the Imperisal Basin
d to make some of the water currently
flowing to the Salton Sea available for
Jeneficial uses. This opportunity would
o no way affect California's allocation
f Colorado River water, and a reduction
z the present non-beneficial uses

*0uld relieve the problem of rising
‘8ter elevatidn in the Salton Sea. The
leeired elevation of the Salton Sea is

! factor that must be recognized.

fﬂarding to Departwent of Water
€6’ ceg' figures, annual conveyance

and distribution losses amount to 253
million cubic meters (205,000 acre-feet)
in the Coachella Valley and 787 million
cublic meters (638,000 acre-~feet) in the
Imperial Valley. These losses could be
reduced substantially by lining canals
and ditches, and through other struc-
tural improvements, Improved convey-
ance systems would encourage more effi-
clent irrigation district management.
Delivery methods should alse be improved
or modified as much as possible to ip-
crease efficient use of water on the
farm. Accurate water measurements should
be made, and records kept both at water
district offices and on the farms.
Measuring devices should be installed
where they are not now used.

Concrete-lined ditches and water control
and regulation devices can improve on-
farm irrigation efficiencies, and the
introduction of laser~controlled leveling
(a land-leveling process that uses a
laser beam sensor to regulate the slope
of a field) offers an accurate means to
prepare land for efficient drrigation.
(Level basin irrigation has improved
irrigation efficiencies in comparable
areas of other states). Irrigation
scheduling programs that coordinate
district operations with the farmers'
needs will provide the coordination
needed to improve the districts' overall
management efficiencies,

Incentives other than presently escalat-
ing water prices appear to be needed to
conserve additional water within the val-
leys. The State should investigate the
setting up of low-interest agricultural
loans to improve both on~farm and off-
farm conveyance and distribution systems.

‘It 13 estimated that as much as 500 to

600 million cubic meters (400,000 to
500,000 acre~feet) of water in the
Coachella and Imperial Valleys could
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annually be made avallable fer other
beneficial uses. To better define what
gavings can be accomplished, a site-
specific study should be made in each of
these valleys, and the most cost-effec-
tive measures should be identified be-
fore actual physical improvements are
initiated.

Drainage Water Reuse im the
Coachella and Imperial Valleys

Drainage water in the Imperial and
Coachella Valleys consists of both sur-
face and subsurface return flows from
irrigated fields. Additionally, the
drainage system also collects drainage
water from Mexico. This water flows
into the Salton Sea, where it ultimately
evaporates. Each year, 1600 million
cubic meters of water (1.3 million acre-
feet), with an average salt content of
3000 milligrams per litre (3,000 parts
per million), flow to the Salton Sea.

A potential exists for reuse of some of
this drainage water for irrigation of

selectaed crcp specles that can produce
good ylelds with saline waters. In-
creased irrigation efficiencies would
reduce the water available for reuse.
Some flow of drainage water to the Sea
would still occur, although at a higher
galt concentration.

From a technological poilnt of view, re-
use of drainage water can probably be
implemented faster than irrigation effi-
ciencies can be improved. Application
for drainage water to land already under
irrigation can directly reduce the di-
versions by the districts from the
Colorado River. The net effects of this
practice would be a lower quantity flow
of saltier water to the Salton Sea and
reduced diversions of higher quality
water, The Metropolitan Water District
could provide a reuse incentive by pur-
chasing part of the Coachella and
Imperial Valleys' water rights. Yet
some caution 1s warranted, since the
drainage water from Mexico may contain
untreated sewage.
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TABLE 25
SOUTH LAHONTAN HYDROLOGIC STUDY AREA

PRACTICES TO INCREASE THE EFFECTIVENESS OF AGRICULTURAL WATER USE

Oppc;LtrLAmtv Agricultural Viewpoint Fish-Wildlife Recroation Viewpoint
Practice Water Saving Poasitive l Nagative Positive | Negative Commants
Sprinkler Stight to Would reduce Expensiva. None Little impact Faicly commos new
irrigation. moderate applied water Would require in Antelope Valtey
dermand; in- mare energy. and Mojave River aran
crease crop Negative impagt on
yields conjunctive use in
Mong-Owens area
Use of soit Slight saving; Would incraase Same cost in- None, Littie impact in Standard for areas
moisture would help yiald; lower volved for this basin. with good farm
indicators ireigator time applied water instrumnentation. managerment
applications neads practices
Cantrol Increases Would save Some cost for Noneg. Would reduce 8 Possible mainly in
phreatophyies ground water sarme water for vegetation re- critical habitat Owens Valley and
recharge and recharges moval and for wildlife aiong Mojave River
avaitabie control.
water supply.
Canal and Slight 1o Would spread None None Might reduce Potential in
diteh lining moderate devaloped sur- same smatl Owens Valley
face water aver areas of wet-
a larger area, 1and habitat

thus reducing
pumpage

Colorado Desert Hydrologic Study Area

The Colorado Desert HSA in southeastern Cali-
fornia is bordered by Arizona on the east and
Mexico on the south. The HSA comprises 12 mil-
lion acres (4.8 million square hectometres) of
desert land with an almost year-round growing
season, sparse rainfall, and very hot summers
{Figure 18).

The 718,000 acres (290,900 square hecto-
metres) currently under irrigation use about 3.2
million acre-feet (3,800 cubic hectometres) of
water annually. irrigation water is supplied by sur-
face diversions from the Colorado River and from
limited ground water pumping. An important limit-
ing factor is the water quality. TDS ranges from
700 to 1,000 ppm, depending on the location of
the diversion. Because of this highly saline water,
adequate leaching is critical.

Present Agricultural Water Use
Agricultural operations are carried on in three

principal locations: the Coachella, imperial, and
Palo Verde Valleys. Imperial Valley is the largest
agricultural area, with extensive plantings of al
falfa, truck, and field crops. In addition to thest
crops, citrus is grown in the Palo Verde and Cox
chella Vallays.

Less than one-half percent of the area is sprink-
ler-irrigated; present irrigation practices are divid
between border and furrow irrigation. The present
HSA efficiency is estimated to be 66 percent
{Table 26).

Opportunities for Water Savings

Table 27 lists practices that would increase the
efficiency of agricultural water use in the Colora
Desert HSA,

Although drip and sprinkler irrigation could po
duce water savings, neither method is very popul#
at present because of the high initial capital ¢
and the fact that the cost of water (about $3
acre-foot) does not encourage efficient use. OP
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. but also aid in szed gErmuAlIOn reduce root

diseases, and can be used to both contrel frost in
the spring and cool plants during the summer
Their use also eliminates certain forms of labor
Accordingly, the primary motivation for a change
1o sprinklers appears to be based on one or more of
these reasons rather than on water conservation.

The use of sprinklers is increasing more rapidly
in the Palo Verde Valley than in other areas of the
HSA. In addition, the US. Bureau of Reclamation
is operating a trial irrigation rmanagement service
there. The objective is to accomplish better timing
of water deliveries and application through the use
of detailed climate and soils information. The
Bureau's program is one of several aimed at re-
ducing the salinity of the Colorado River.

On the other hand, improved irrigation effi-
ciency in Palo Verde Valley may result in a prob-
lern. A small amount of drain water flowing out of
the valley has been designated for cooling the Sun
Desert Nuclear Power Plant, and more efficient irri-
gation practices would probably reduce that sup-
ply. However, if water from certain of the poorer
quality level drains could be selectively used for

the nuciear piant, overall waeter quality in tha lcz
Colgrado Qner could be improved

Liring poriions of the Coachetls and All Ameri
can Canals and district taterals could result in sig’
nificant watar savings, possibly as much as 250,000
acre-feet {300 cubic hectometres) per year. ;

in the Imperial Valley, sprinklers are notexten
sively used, but they are gaining acceptance for
germination and cooling of lettuce,

Surface water delfiveries in the imperial Valley
are made over 3 24-hour period, and sometimes too
much water is delivered to the farm headgate
Ditch tenders frequently have poor control over
water distribution, and excess flows are lost in
drainage ditches. Additional regulatory storag
could reduce these operating losses.

Reductions of applied water in both Imperid
and Coachella Valleys wili reduce irrigation drair
age, which feeds the Salton Sea. The Sea is critical
ly affected by the guality and quantity of agricut
wral drainage inflow. Changes in irrigation pra
tices could have severe environmental impact o0
the Sea by reducing infiow and at the same timt
increasing the inflow salinity,

TABLE 26

AGRICULTURAL LAND AND WATER USE
COLORADO DESERT HYDROLOGIC STUDY AREA

rssrireatate ™
Average unit Range in unit

Area applied water applied water Applied water
1,000 square 1,000 cuhic

trrigated lands scres | hectometres | feet mitlimetres feet millimetres | acre-feet hectomet™®
Miscellanzous Field 164.9 66,700 37 1,100 1.3-6.6 400-2,000 603 744
Sugar Beets 61.1 24,700 41 1,200 2266 670-2,000 252 an
Atfalfa 191.6 77,550 5.7 1,700 3.3-13.2 1,000-4,000 1,088 1.342
Pasture 285 11,500 7.6 2,300 - 216 266
Misceltaneous Truck 93.0 37,600 46 1,400 2.1.7.0 640-2,100 425 524
Tomatoes 24 970 46 1,400 - 11 14
Deciduous Orchard 0.6 240 3.3 1,000 - 2 2
Subtropical Orchard 338 13,700 6.1 1,800 6.0-9.0 1,800.2,700 207 285
Vineyard 79 3,200 5.4 1,600 - - 43 53
Grain 135.0 54,600 2.7 820 1.2-4 1 3701200 370 -__f‘_f’f
Total 7188' 290,760 3217 3,967

Erapntransgiration of apphtied water (ETAW) = 2 621,000 acre-feet {3.233 cubic hectametres)

Mot bamn demand = 3 986 000 acre-feet {4,892 cubic hectometres)
AW
Mydrologic ares etficiency = ‘:ﬁ?’t?ain‘%m“ﬂ x 100! = BB%

3 insludas Ja_hie crarping
2 Inziudes 300 00F xo U izsshung ragaremant




TABLE 27

COLORADO DESERT HYDROLGGIC STUDY AREA
PRACTICES TO INCREASE THE EFEECTIVENESS OF AGRICULTURAL WATER use

\ Fish-Wildlile-Recreation Viewpomt

Positive

Negatwe

Cammeants

Opportunity
P far Agricultural Viewpoint
Water Saving Positive | Negative l
Moderate. Wouid save water  Would require None.
Wouid also improve large capital ine
garmination of ~ vestmeny would
crops and control ingrease enesgy
of soii salinity. needs.
Srnall; sppli- Would save some  Would invoive None.
cation ta 8 money . very high capitsl
smali acreage investment.
of subtropical
orchard
of Mdderats. Would tave water.  Would increase None.
farm management
costs.
/in Higher appor- Could irrigate Would greatiy in- None,
wer unity. more land with crease operating
current water. costs 1o districts.
manage- Good oppertunity Would save both Would increase Naone.
ices if farmers will water and energy  irrigation charge
cocperate to farmers.
1 One of best off- Would reduce sys- Costly; would ra- None.
ng. farm measures; wm dermnand; pro-  duce walter going
may save 10% of  vide more water 1o recharge ground
diverted water.- for gotual farm use. water in some areas
2d Slight 1o moder- Would save water  Long-term sffecty None.
ate savings by reducing appli-  not fully under-
possible cation: less drain-  s10od.
age 10 be managed.
of Sfight — not & Would save some  None. None.
ohytes protlem here. water.

Would reduce runol{
ang wetland
habitat.

Samue as above

Would increase TOS
in drains; dry up

Would reduce runoft
to Satton Sea and
increase salinity.

Would reduce runoff
and wetiand habitat.

Would reduce
riparian habitat

Would tend to re-
duce riparian habitat
by reducing drain
water.

Would eliminate
wetland habitat.

The cast of water
in Most areas maxes

this measure econom:

jcalty impractical

Water costs currently
oo low te make this
atiractive

Matin problem is with
reduced quality of
drainage water.

Greatast potential
in Imperial Valiey

trrigation awtoma
tion can be incor-
parated inta majar
irrigation district
operations

Net effect of this
practice needs 10 be
carefully analyzed.

May have rmerit in
this area by reducing
large quantities of
water currantiy used
for leaching

Control shoutd be
highly seleciive

Statewide Summary

) assess the potential statewide water savings
1 agricultural water conservation, reasonably
nable water savings in each hydrologic study
have heen estimated and are syrnmarized in
¢ 28 Table 28 also shows that basin efficiency
% from 3 low of 64 percent in the North La-
an HSA to 06 percent in the Tutare Basin.
;?Vf-'fi. high efficiency is not necessarily de-
s’:j' it must be weighed against water quality
grations; environmental factors including
;‘W!Idlife, and recreation needs; present water
’:tis:c.:E; water cost; current water management
"o e 5 end water rights. o
o sljmate feasible water savings in eac_h‘of the
5y ae s'gudy areas, optimum HSA etficiencies
ctively estimated on the basis of basin

conditions (e.g., climate, crop types, soil condi-
tions, water quality, water quantity, etc.). These
optimum efficiencies are considered reasonably at:
tainable if the on- and off-farm practices previously
discussed are implemented. Tables 28 and 29 show
present basin efficiency, describe the major prac-
tices that might be followed to produce actual
water savings, and estimate the general range of
water savings that might be achieved.

in some HSA's as in the Sacramento and San
Joaguin Basins, very little actual water savings are
possible through increased on-farm efficiency un-
less additional storage reservoirs of additional
ground water recharge projects are developed 1o
store the water conserved This is because present
reservoir storage is now committed to dow/nstream
or in-basin use. In addition, return flavws from irrk




gation in the Sacramenic and San Josguin Siva ey oo isrt acdgsl fraoamgarsaiT oo siev -
Basins are actually part of the prime water supply pacis O agr:cuituiai waier consefvation o
going to the Delta to meet delta export demands, prime watar supply As discussed in the i~z

. . duction to this chapter, even though actual |
in-delta use, and delta outflow requirements. These saving may not be great in some areas, imp-: 2
return flows amount to 1,312,000 acre-feet {1,600

cubic hectometres) from the Sacramento Basin and

ments in irrigation practices can allow diffzrent
; management of the water resources 10 accomyiish
729,000 acre-feet {890 cubic hectarmetres) from
the San Joaquin Basin

i
]
L
|

additional objectives, such as increased or re
requlated in-stream flows or energy savings. These

: These statewide estimates of potential water opportunities need to be identified through case
= ' savings are admittediy subjective. However, they studies of specific areas throughout the State.
4

TABLE 28

1972 WATER USE EFFICIENCY AND OPPORTUNITIES FOR WATER SAVINGS BY AGRICULTURE
IN THE ELEVEN HYDROLOGIC STUDY AREAS OF CALIFORNIA

b Evapo- Present § Optimized
. transpiration Basin Basin Possible
i lrrigated Applied af Net Basin Effi Effi Water
T Land Water Applied Water Demand { ciency ciency Savings
! 1 1{ square cubic cubic cubic | cube
L Hydralogic 1,000 hecto- 1,000 | hecto- | 1,000 | hecte | 1,000 | hecto | Per Per- 1,000 | hector
: ¢ lI Swdy Ares acres metres ac-ft maetres ac-ft metres ac-ft metres | cent cent ac-ft matre
Ej-,’ : ] ' North Coastal 249 101,870 707 a70 441 544 885 734 74 80 40 43
i) e Sari Frincisco Bay 105 42,640 248 306 172 212 245 362 ¢ 85 40 ]
R Central Coastal 449 181,770 1.028 1.259 644 794 780 962 23 No in- 4} 0
? b crease
: reconry
mended
South Coastal 43 174 640 922 1,136 646 797 760 937 85 No in- Q 0
} ' crease
‘ l r recom-
SO mended |
{ | ‘i | Sacrarnento Basin 1,530 619250 6017  7.423 3487 4301 5174 6382 67 75 sa0t !
] -’f , Daita-Central Sierra 828 334,800 2,474 3,052 1.671 2,061 2,085 2572 80 Racom. 0 ¢
i . . mend
; anly
| minor
' change <
| San Joagquin Basin 1,364 551,800 5 446 8,717 32438 4 008 4,456 5,509 73 15 1102 '17:
i Tulare Basin 2,168 1,781,400 10888 13,428 6,784 8,368 7,079 8732 a6 Decrease  -460% ®
H o 90
l: North Lahontan 135 54,780 420 518 252 3 383 485 54 75 60 ’;
.- _ South Lahoatan 78 31,360 306 378 204 251 225 217 91 No in- 0
! cremse B
recorm-
; mended o~
' Colorada Desert 719 290,760 3217 3,967 2821 3233 3,966 4 892 85 73 400
1. Theoretical saving; possible only by increasing yround water and/or surface wales storage; does not inciude possible short-term grﬂuf‘d ad
overdrabt
2 Would need to improve distribution of present water supplies within basin to offset lacal ground watee overdraft
3 Would nead 1o import more water, of reduce £'TAW by converting to low-water-using crops or by reducing irrigated acreage.
__.....—J—'-""//

REEE



TABLE 29

PRACTICES TO INCREASE THE EFFECTIVENESS OF AGRICULTURAL WATER USE
SUMMARY —~ ALL HYDROLOGIC STUDY AREAS

Presant Ogptimized
Aogic Basin Efficiancy Basin Efficiency Major Conservation
Area {percant!} {percant} Major Reason for Change Practices
Cosstal 74 BQ Increase fish flows, provide Conjunctive use of surtace and .
more agricuitural water, ground water, ditch lining ’
ancisco Bay 70 85 intrease irrigation suppty Improve delivery and reuse
systems. increase use of ground
water
il Coastal 83 No incroase Highly efficient at present Need to imprave ground water
recomemended. basin managernent for supply
and salt balance. 4
Coastal BS No increase Highly efficient at present. Large increases in drip irriga- . ’ i
recommended. tion may allow atreage increases Y Vs
within present water supplies. [:f
it R A (138
nanto Basin 67 75 Conserve existing water institutional arrangements, dis i“i‘}
supplies, improve total trict water management, con- :
basin water management junctive use of surface and :
ground water. Additionat olf. ;
stream $3orage negcded.
Central Sierra 80 Only minor Correct overdraft in Increase surface suppties. de- b
improvermnents eastern San Joaguin crease ground water extrac- ik
recommended County. tion } 13
L%
nquin Basin 73 75 Lewer water table in Improve irrigation managemnant ;'I-E
selected areas. Improve on-farm and by districts i
efficiency of applied water Line canals i
) use, decrease local ground i
water overdrafy :
¥ Bae 96 L. ower to 80 Reduce ground water over- Moratorium on further ground t.
draft. decrease rate of water e¢xtraction, land use con. '
salt buildup trof, increase basin impart
1 Lahontan 64 75 tncrease availabie water Conjunctive surface ground
supply. conserve spring water operation. increase
runotf recharge, line ditches
* Lshantan 90 Small increase Reduce need 10 puma Increase use of sprinklers:
recommended ground water in Clwers line ditches and canals in
Valtey Owens Valley
30 Desert B6 73 {ncrease present supply. Line canais. Improve

opiimize salt balance

irrigation management




bt

=] o (411 I~ [#3]

o)

i L] o (% (A% b. toa PP bt oy P
O fr. e [T uy &) ~i v n

1.3
[N

EPLAND & GIZR3ER
aofessionzl Corporation
crneys at Lay

3 Scuth Imperiazal, Suite 7
2l Centro, Californiz 92243

. melephone: (714) 353-4444

Attornevs Zor Plaintiffs

UNITED STATES DISTRICT COURT

SOUTHERN DISTRICT OF CALTFORNIA

A/2TON BAY MARINA, et al., }
) Civil Action Mo. 76~1095-7
Plaintiffs, )
)
VS . )
)
IMPDETAL IRPIGATION DISTRICT )
et al., )
)
Defendants. )
]
AFTFIDAVIT OF WILLTIAM S, GOOKII;I
IN SUPPORT OF PLAINTIFFS' MOTION
FOR PRELIHINRY INTUNCTION
tate of Arizona )

) ss.
County of liaricopa )

WILLIAM S. GOORIN, being first duly sworn, deposes &

1. I am a registered Professional Engineer in Ariz®

California, and other states. Mv resume is attached as Exhits’

L il

(Ji

Iy

3]

incorporated herein by reference as though Tully set 2

waep arm gy n =
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!Ih sets forth my exparience with various water districis ang
égovernmental agencies.

2. At the request of Lowell F. Sutherland, I conducted
a series of studies to'detefmine the causes of the ri;e in the |
level of the Salton Sea, which after approximately ten years!
i

stabilization at about 231 feet below seaz level has risen steadiiv

v
-

since 1973. 1In the course of these studies I reviewed a document

prepared by the Imperial Irrigation District identified as

it =

{ Exhibit 12, a copv of which is attached to this affidavit.

Exhibit 12 contains water flow and water quality records for

ST e

several locations throughout the District, including the All

American Canal below Drop No. 1, and the Alamo and New Rivers

th at the Mexican border and at the »oints where these river
ers

, enter the Salton Sea. Thess measurements are important because
" according to the records of the Imperial Irrigation District,
most of the water diverted into the Salton Sea by way of the

t Imperial Irrigation District is carried to the Sea by the Hew and

Alamo Rivers. (A map showing the I.I.D. system is attached as

Exhibit "B.") The Exhibit also reports the quality of leaching

-.“.-::»‘-i:g,‘_—'- e Tt TR NNIRLR
e . ey

water, which is irrigation water used *to Zlush scluable minerals '

TSI TR T

away from the root zone of crops, at nine locations throughout

e
whbt-4

the District.

3. Leaching water 1s necessary for agriculture in tre

Imperial Valley, beceause minerzls IZrom the irrigation wazes- itse

accumulace i

o}
et

e 5011 as the weter evendrates. If the mirerats

tiEes e
T LR e

th
{11
]
]
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would eventually become unsuitadle for Zarmin

4.  Exhibiz 12 revezls %that, inp almost ewvery guaric:
during the ten years used for this study, the water quality ol
the New River impfoved from the Mexican border to the Salton Se
outlet. The boundary guality was about 4600 parts per million
(ppm) of dissolved minerals while the Salton Sea outlet guality
averaged 3400 ppm.

5. Exhibit 12 also revealé that the Alamo River

degrades in guality slightly, averaging 2000 ppm at the border

and 2600 ppm at the Salton Sea.

|
6. The leach water, according to Exhibit 12, averagH

10,700 ppm dissolved minerals. If it were the only water addﬁi
in Imperial Valley to the filows of the two rivers, their gualiff
chould be much worse, that is, much higher in dissolved minerai
a= the points where these rivers enter the Salton Sea. Raducil’

- d

of the water quality to the concentrations set forth ahove I®”

guire

2]

large guantities of water containing fewer parts per
million of dissolved solids, thereby diluting the concentratic®
in the leaching water.

7. Based on a review of other documents and publ#

0

. o . . eil
a+ions, and on my familiarity with the areaz, I an of the 0D3F

ri

rat precipitation ané grouncdwater cannot possibkbly accouns

*

tme dilution of the leaching water. The documents and publl”

'mmi

cztions I have reviewed include docunants providad by the pas

Irrization District to Ur. Sutrnerland; U. §. Geological surve)
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d B. Irelan in 1956; reccrds of the Department of the Intericr's
Salton Sea Project, published in 1974¢; and "Salinity Conirol
Study Salton Sea Project" written by M. Goldsmith and published
in 1871.

8. Exhibit 12 reveals that the water in *he All

o
o oald .

American Canal, which supplies all the canal water in the I
system, averages between 850 and 900 ppm dissolved minerals.

. 8. Imperial Irrigation District usually provides next-
day deliveries of water and requires its customers to accept
delivery in 24-hour increments, that is, the farmer must draw
water from the canal for 24, 48, 72, etc., hours continuously.
Based on my experience and familiarity with the operations of
~ther water districts throughout the West, I know these to be
unusual, if not unigue, vractices, boith of which encourage waste
of vater.

10. The next-day delivery policy encourages waste of
water because the Imperial Irrigation District is a gravity system,
in which water flows downhill generally from south to north. The
District has little or no reservoir capacity and in order *o oro-
vide next-day delivery must keep its canals full or nearly full
at all times. If the canals are continuously full, thev must
frequently spill, since water will continually move down *he slone
to the low point of the canzl, which is the spill gate.

1. The 24-hour increment policy encourages waste of

vater because it reguires the customer Lo estimate the Emounts
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will obtain his estimated volums at the end of a

wrong, he can do nothing to correct it.

total water order runs off his field, the Imperial lrrigation

District
District
+he flow

does not

by who could absorb any excess water orderec.
wasteful practice unusual among Western irrigation districts.

12. The only explanation for the dilution of dissol®
minerals in‘the New and Alamo Rivers is that large amounts of
fresh water enter the rivers directly from the Imperial Trrige
Nistrict canals without ever basing applied to farmland. I

determined the proportions of fresh canal water and leaching

allegedly will fine him for wasting water; and yet ..

of water more than once in 24 hours.
coordinate water orders among customers served by the

| same canal, there is generally not another water customer s+ and]

water in the Hew and Alamo Rivers using

ol (Quality of Water Entering

e

X  (Quality of
IY (Quality of
Z2 (Quality of
In this formula, Q-
cubic feet per second, at
guality appear on Exhibit 12.
the outflow, Ql, which enterad

e T
Flow an

th
0

i "{‘-u ar Ay
R [

™

Rivers

at Mexican Bordex)

All Americen Canal ¥

lLeaching Water) +

24~-nour incg

L
34

If he learns during irrigaticn that his estimate vas

If more than 15% of hﬁ?

personnel will not adjust his headgate to modify or sy

Bacause the Dis

C o

This is a gross!

the following foruml?

the Szlton Seal=

atar) -+
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. on Exhibit 12, and these ranged from a high of 31,301 ppm to a

5% the All Zmerican Canal waker is glven., 1 calculated the

guality of the leacning water from the nine data points reported

low of 510 ppm. X represents that percentage of the total outflow
0l, which comprises All American Canal water, and Y represents E
that percentage of the total outflow, 0l, which was leaching “j
i
water. i
- . ]
I calculated the values of X, ¥, and Z for each of the !

i
40 quarters shown on Exhibit 12, and then averaged these valuves '

#n eczlculate mean percentages for the ten-year period as follows:

Mexican All American  Leaching
. % % 3
Alamo River 0.69 B2.35 16.96
~ew River 24.58 64.01 11.31

13. Disregarding water from liexico and ccmparing only
=2 21l American Canal water to *the leaching water, which to-
cether represani the total Imperial Irrigation District inflcw
into +he Salton Sea, I conclude that B4% of the water which enters

+me Salton Sea through the Imperial Irrigation District has never

v

gezn a23plisd to farmland.
14. I checkeé my conclusion against a study received

in evidence 23 Lrizona Exnibit iio. 409 in the case of Arizona v.

Talifparniz (39€3) 373 U.S. 546. In that study the surface
i=flow to the Salton Seza was found ta be BlL.4 percent Coloraedfo
Risrer waktsr,

, unpolluted by the addition of minerals, anéd 1E8.6
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15. Baszd on my review of the sources outlined in
Paragzapn 7 above, I calculate that 84% of Imperial Irrigation
District's contribution to the Salton Sea would measure about
§66,000 acre-feet of water per year. I have calculated and

attached to this affidavit as Exhibit "D" a tahle showing how

reduction of this 84% to wvarious lower parcentages would affec

»
- 1

the surface elevation of the Salton Sea. Reducing the fresh-
water inflow during the course.af this litigation by eliminatir
unnecessary spillage and by curtailing wasteful irrigation prac
tices would have immediate effect toward restoring the Salton
Ssza to its previoﬁs stable level. My calculations indicaze th:
Imperial Irrigation District inflow exerts the greatest effect
on the surface ang volume of the Salton Sea of any contribuktin:
source, ard that controls on that input would be the rmosk
affective.

16. I do not believe that substantial reductions irp

water escaping from the I.I.D.'s irrigation system would impose

(B3

any significant burden on the defendant. Perhaps the easies
method of reducing spillage would be to lower the levels of wat
in District canals, theredby eliminating their reservoir fuﬁctic
This would reguire the District's customesrs to wait longex 567
Celivery of water after placing orders, but it would nox reqﬁi
increases in personnel or new equipment. The I.I.D. would si’

orcdex water from the Buareau of Reclametion at Imperial Dam

4 - b — dw = wn - - —_ g - - T t e —
arc caliver chat vater Vv IEr LT a@nisred the I.1.D.'s gustsT,
_____ O D m i moaom e & e om 1 - - -z
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deliveries can be scheduled could be shor tened,

would be to instruct District personnel to report spills and

to take action to correct or prevent them, although I understans

that the District claims to be doing so now.
17. The District could also virtually eliminate

spillage by scheduling water deliveries to customers along the

same canal sequentially, so that a second customer could begin
to take water from the canal as soon as the firsk customer

completes his irrigation.

18. Another practice which would reduce unnecessary
water'wasta would be to end water deliveries when irrigation
demands are met. As an alternative, the time intervals at whi
i.e. allow *he
deliveries to be made for 8-hour periods, or 4-hour periods, to
permit the customer greater flexibility in oréaring. Pump-bach
systems could be used to pick up acceptable~quality excess wabtz-

which escepes an irrigator. Pump~back systems of this type are

common throughout the Southwest.

WILLIAM S. GOOKIN

Sworn to before me this /ZzZ%

day of October, 1979.
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TO ASFIDAVIT OF WILLIAM S. GOOKIN

- Resume of W. S. Gookin
- Map of I.I.D. Canidl System
- I.T.D. Exhibit 12

- Effect of Reduction of Inflow
on Water Surface Elevation
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APPENDIX B

ORGANIZATIONS AND INDIVIDUALS CONTACTED
DURING THE INVESTIGATION



CROALIZATIONS AW TNDIVIDUALS COLTACTED
AURTLG THE INVESTICATION
Date Contact Title Organization-Location
4-21-80 J. D. Rhoades Soil Scientist USDA Salinity Lab, Riverside
0-21-80 Arthur Swajian Executive Officer State Water Resources Control
Board, Colorade River Basin
Regicn, Palm Desert
+21-80 Ed McGrew Farm Manager Member IID Water Conservation
Advisory Board
»22-80 L. R. McCGlocklin Asst, to General Mgr. Imperial Irrigation District
»22-80 Frank Robinson Assoc. Water Scientist U.C. Davis, Meloland Resg,
Station
»22-80 Douglas Welch Soil Conservationist USDA Soil Conmservation Service,
El Centro
W22-80 Lowell Sutherland Attorney-at-Law Sutherland & Gerber, El Centro
=27-80 Donald A. Twogood General Manager Imperial Irrigation District
»27-80 J. Robert Wilson Uater Manager Imperial Irrigation District
7 Darrell E. Byrd Deputy Agricultural Imperial County Office of
Commissioner Agricultural Commissioner
I18-8g Franklin F. Laemmlen Farm Advisor University of California
Agricultural Extension,
El Centro
LZQ‘BO Larry Gilbert Farm Manager IID Water Conservation
£ Advisory Board
L25ﬂ0 Keith Mayberry Farm Advisor University of California
Agricultural Extension,
El Centro
h@6~8n ) X ) , ,
& Lee Hermsmeier Agricultural Engineer Imperial Valley Conservation
‘ Research Center, USDA-ARS,
Brawley
it
80 Michael €. Wallman Secrertary Manager Imperial County Farm Bureau
“l6eg
. Lloyd Heger Farm Owner El Centro
T
=0 Bill Brandenberg Farm Owner IID Water Conservation

Adviscry Board
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11-26~80
11-26-80
11-26-80
11-26-80
11-26-80
11-26-80

11-26-80

2-17-81

2~17-81

2-17-81

2.-19-81

2-24-81

4-2-81

4-2~81

4-2-81

4-7~81

7-21-81

7-21-81

7-21-81

Stanlev Mitosinka

J. P, McKim

Earl Brinkman

Mike Doran

Charles Westmoreland
Robert E. Shank

Dorothy Dahm

Leonard Seaton

Charles Corfman

Clair Merrill

Chris Donabedian

Dave Overvold

Norman MacGillivray

John Glavinovich

James Morrils

Les Stromberg

Larry Dean

Dana Long

Chris Gonzales

Fara
Farm Owner
Farm Cwner
Farm Cwner
Farm Owner
Farm Owner

Representative

President

Techniclan

President

Senicr Englneer

Hydraulic Engineer

Assoc. Land and Water
Use Analyst

Assoc, Land and Water
Use Analyst

Assoc., Engineer,
Water Resources

Farm Advisor

Project Director

Area Manager

Area Manager

University of Californis ?

At e 1Y
R A Y-

Imperial
El Centro
Brawley
El Centro
Brawley

California Women for
Agriculture

Agricultural Technical
Services, Bakersfield

Proctor Leveling and
Contracting Company,
Brawley

Merrill Ditch-Liners, Inc.,
E1l Centro

Colorado River Board,
Los Angeles

U. S. Bureau of Reclamation,
Boulder City, Nevada

Department of Water Regourch
San Joaquin District

Department of Water Resourcs
Division of Planning,
Sacramento

Department of Water Resourcs
San Joaquin District

Agricultural Extension,
Fresnoe

i3
U.S. Fish and Wildlife 5¢5 |
Calipatria

Salton Sea State Res:re&’:i"g
Area, Imperial County

California Department of
and Game, Imperial Wiss
srea, Niland




APPENDIX C
REFERENCES




Apperndix C

REFERENCES

Arizona Water Commissicn. Summary, Phase I, Arizona State Water Plan:
Inventory of Resource and Uses. July 1975.

Brocksen, R. W. and Cole, R. E, '"Physiological Responses of Three Species
of Fishes to Various Salinities.” Journal Fisheries Research Board of
Canada, Vol. 29, No. &4.. 1972,

California Department of Water Resources, Southern District. JIrrigation
Water Use and Practices in the Southeastern Desert Areas of California.
Office Memorandum. Sept. 30, 1970,

—--—-~-, Stretching California's Water Supply: Increased Use of Colorado
River Water in Califormia., District Report. August 1980, '

----, Estimated Crop Evapotranspiration in the Imperial Valley, California,

Office Memorandum. Oct, 3, 1980,

Cline, N. M. Ground Water Recharge at Water Factory 2l. Paper preseated at
Water Reuse Symposium, Washington, D.C. March 1879.

Colorado River Board of California. California's Stake in the Colorado
“iver. Colorado Kiver Assoc., Los Angeles, August 1979,

Corfman, Charles, Proctor Leveling and Contracting Co., Brawley. Estimate
received over telephone, Feb., 17, 1981,

Erie, L. J. and Dedrick, A. R. Level Basin Irrigation: A Method for
Conserving Water and Labor. USDA Farmers' Bulletin 2261. 1979,

Fereres, E. and Puech, I. Irrigation Scheduling Guide. WUniversity of

California and Califoraia Department of Water Resources., (uapublished).
1979,

Gear, R. D., Dransfield, A. 8., and Campbell, M. D. "Irrigation Scheduling
with Neutron Probe". Journal of the Irrigation and Drainmage Division, ASCE,
Vol, 10, N. IRS. Proc. Paper 13174. pp. 291-298., Sept. 1977.

Gilbert, Larry, Imperial Valley grower and member, IID Water Conservation
Advisory Board. Personal interview. Nov. 11, 1980.

Hagemann, R. W. and Ehlig, C. F. "Sprinkler Irrigation Raises Yields and
Costs of Imperial Valley Alfalfa," Califormia Agriculture. Jan. 1980,

Hanson, J, A. Salinity Tolerances for Salton Sea Fishes. California
Department of Fish and Game., March 1970.

%Efmsmeier, L. F. "Drainage Practice in Imperial Valley." Transactions of
fe ASAE, Vol. 21, No. 1. pp. 105-109. 1978,



mm—=, Agzriculourai zniiness, -
i L

Darsondl infeTsinas.

oL .TaaTaL RiiszTon
i

F. 2=
P

TR}

AR ' 4 .
Pt e Y =Ty ol LR -

imperial County Agricultural Commissioner. Tmperial County Agriculture,
1979. Imperial County Board of Trade, £l Centro. L980,

lmperial Irrigation District. Imperial Lrrigation District Diversion
Required at Drop 1 for Imperial Unit. File T1068-T1091. Aug. 1977,

~wm-, Rules and Regulations Governing the Distribution and Use of Water and
Construction, Operation, and Maintenance of the Canal and Drainage System of
the Imperial Irrigation District. June 6, 1967b, revised Feb. 13979.

we—w. Annual Inventory of Areas Receiving Water, Years 1979, 1978, 1977,
1980.

A we——=, Apnual Summary Water Diversion, Transportation, Distribution and
i Drainage, United States aud Mexico, 1955-79. 1980.

t w-—-. TFact Book. 1ID Community and Special Services, El Centro. June
1980.

. —m—. Surface Waste Records, Aug. 1976 to Nov. 1980. Water Control Section
% Data. (unpublished) Dec. 1980.

1 : —w--, Imperial Irrigatiom District Water Programs. Paper presented before
ﬂ : California Water Commission. {unpublished) Feb, 6, 198l.

we-= and U. S. Department of Agriculture S0il Couservation Service. Report
for General Soil Map, Imperial County, California. 1967a.

Kaddah, M. T. and Rhoades, J. D. 1531t and Water Balance in Imperial Valley,
i california." Soil Science Society of America Journal 40, pp. 93-100.
1976,

Kramer, J. and Turner, K. "prevention of Waste or Unreasonable Use of
Water: The Californis Experience. Agricultural Law Journal, Vol. I, No. 4.
pp. 519-43. 1980,

Lasker, R., Tenaza, R. H., and Chamberlain, L. L. "The Response of Salton
Sea Fish Eggs and Larvae to Salinity Stress'. California Fish and Game.
58 (1). 1972.

e CmIT TR ST e AR T AR AL

Lonkerd, W. E., Ehlig, C. F., and Donovan, T. J. "Salinity Profiles and
Leaching Fractions for Slowly Permeable Irrigated Field Soils."” Soil
Science Society of America Journal 43. pp- 287-289. 1979,

Maas, E. V. "Saline Water Should Be Applied Carefully Through SprinklerS-”
lrrigation Age, p. 18. Feb. 1980.

Mayberty, Keith. Imperial County Agricultural Facts, 1380. University of
California Cooperative Extension, El Centro. 1980a.

—~——-, JUniversity of California, Extension Service Farm Advisor, El CentrO:
Personal interview. Nov. 25, 1980b.




T e

Al L e teed el e T B B i S I J

Fan Luils wispa. L¥oo.
M- iil, Clair, Merrill Ditch-Liners Inc., E! Centro. Estimate received
ov.c telephons. Feb, |7, 1981,

Molof, J. J. Salt Balance Imperial Valley, California. USDA Soil

Conservation Service 1in cooperation with Imperial Irrigation District.
1962,

Morris, J., Associate Engineer, Department of Water Resources, San Joaquin
District. Telephone conversation. April 2, 1981,

Seaton, Leonard, Agricultural Technical Services, Bakersfield. Estimate
received over telephone. Feb, 17, 1981,

Stromberg, L., Farm Advisor, University of California Cooperative
Agricultural Extension, El Centro, Telephone conversation. April 7, 1981,

Sutherland & Gerber. Color photography and descriptive log documenting
terminal delivery canal spills. Received October 1980,

U. S, Bureau of Reclamation. ''Reject Stream Replacement Study, California-
Arizona'". USBR Special Report, June 1980.

~--=, Salton Sea Operation Study, Draft Report. USBR Lower Colorado
Region. (unpublished) Sept. 1981,

—~-~, Delivery Efficiencies for Districts. Water and Land Operations
D:  sion, Lower Colorado Regiomal Office. (unpublished). WNo date.

-=~- and Bureau of Indian Affairs. Report on the Water Comservation
Opportunities Study. Washington, D.C.: Governmeat Printing Office. 1978,

U. §. Congress, House, Committee on Interior and Insular Affairs. Hearings
before the Subcommittee on Irrigation and Reclamation oa H.R. 3300, 1967.

~=-~, Senate. Treaty between the United States of America and the United
Mexican States, relating to the utilization of the waters of the Colorado
and Tijuana Rivers and of the Rio Grande from Fort Quitman, Texas, to the
Gulf of Mexico. Signed Feb. 1944; ratified April 1945,

U. S, Department of Agriculture. Salt Tolerance of Plants. USDA
Agricultural Information Bulletin 283. Dec. 1964.

" $0il Conservation Service, in cooperation with Imperial Irrigationm
District, Salt Balance, Imperial Valley, California. 1962,

U. s. Department of the Interior and The Resources Agency of California.

%%%%93 Sea Project, California, Federal-State Feasibility Report. April




.

o g e e

e e

; e

U. S. District Court, Southarn District af California. Salton 3av Marinz
Inc. vs. lmperial ILrrigation District: Deposition of James C. Luker,
Case No. 76-1095-T. El Centre. Feb. 22, 1980,

U. S. Geological Survey. Hydrologic Regimen of Salton Sea, Californ:ia.
USCS Professional Paper 486-C. 1966.

——w=, Lower Colorado River Water Supply--1ts Magnitude and Distribution.
Professional Paper 486-D., 1969,

mme—. Water Resources Data for California. USGS Water-Data Reports CA-78~]
and CA-77-1. 1977 and 1978.

University of California, Cooperative Extension. Irrigation Costs. Leaflet
2875, Revised Aug, 1978.

w——~. Tailwater Recovery Systems: Their Design and Cost. Leaflet 21063.
Feb. 1979,

Welech, D., Soil Conservationist, USDA Soil Conservation Service., Telephone
conversation. Qct. 1980.

Wilseon, J. R.,, Water Manager, imperial Irrigation District. Personal
interview. Oct. 27, 1980.

—-w-—, fTelephone conversation. March 26, 1981,

100



APPENDIX D

IMPERIAL IRRIGATION DISTRICT WATER CONSERYATION PROGRAMS
AND WATER CONSERYATION ADV!ISORY BOARD BY-LAWS

1ol




|

Y bl

1,

THE 13-P0INT AND 11-POINT WATER CONSERUATION
FROGRAN OF THE IMPERIAL IRRIGATION DISTRICT

1 _oint Water Conservaticn Program

Recognizing the seriousness of the water shortage the northern part of the
State was experiencing, and wishing to cooperate in meeting this critical problem,
Imperial Irrigation District in July 1976 supplemented its existing water conserva-
tion efforts with a stringent 13-point program. Included in the program are:

1. Construction of a water-regulating reservoir on the Westside Main Canal.
2. Reconstruction of farm cutlet boxes, as required.

3. Employment of an adequate number of water-regulating personnel to effect more
efficient deliveries, as the system will permit.

4. Daily inventory of surface field discharge, charging users who needlessly waste
water an assessment for that day equal to three times the scheduled water rate.

5. Development of surface water evaporation ponds.

6. Preliminary studies for a regulating reservoir on the Central Main Canal.

7. Studying the feasibility of installing additiocnal water recovery lines paralleling

the main canals to increase salvage of seepage water now entering the drainage
system and the Salton Sea.

8. Providing free drainage water to persons willing to pump and use same.
9. Continuing the concrete lining program.

10, Initiating a record of accrued water use per acre per parcel per annum through
computerized billing,

l.. Installation of radio equipment in all water-conservation-related vehicles to
afford immediate communication with supervision.

12, Initiation of an irrigation management services program.

ﬁ?3- Deiivery of water off-schedule when and wherever possible.

‘gkﬁxgnt Water Conservation Program

{(Revised Oct. 1, 1980)

The District shall establish a penalty of one hundred dollars ($§100.00) for the
unauthorized adjusting of delivery gates which results in a change in the amount
of water being delivered.

Furthermore, whenever a water order is in the process of being pumped through

2 sprinkler or gated pipe system and the operator-user experiences a mechanical
failure of the subject equipment, said operator-user shall be permitted to dig-
tontinue his water delivery for a period of not more than three (3) hours, The
free time permitted under this schedule shall be considered as separate instances
but in no event shall the combined hours so considered exceed three (3) hours
before a triple charge is to be assessed.

The concept of installing gate control devices of a standard design is recommended
and supported, such devices to be installed on structures accommedating gates
which are owned, operated and maintained, as well as regulated, under the juris-
diction of the District and its perscnnel.
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(a) The percentages of surface runoff allowed when water is peing used Lo
jrrigate plowed or flat unseeded ground shall be five percent {(3%) for
the last day of said irrigacion; nd measurable waste shall be allowed
for any previous days.

(b) When water is being run in furrows Lo germinate crop seeds and establish
a stand, no assessment charge shall be made unless one of the two consecu-
rive measurements showing fifteen percent (15%) or more runoff is made
between 12:00 noon and 6:00 p.m.

In the event a water user is receiving more than his confirmed order, said
surplus shall be subtracted from his surface runoff for the purpose of deter-
mining 1f his runoff is excessive,

In no event shall any water user be assessed unless his runoff is fifteen
percent (15%) or more of his running order irrespective of the quantity of
water the user is receiving.

Any surface runoff measurement made within four (4) hours after the District has
reduced the quantity of water delivered shall apply to the order in effect
before sald change.

The application of an assessment charge based on waste measured after the
delivery gate is closed shall apply on the same basis as when water was actually
running. Any assessment mace after the gate is closed shall be based on the
order last running.

Tn no event shall the user pay more than triple the normal charge for water,
except when he adjusts the delivery gate without permission,

All net proceeds from surface runoff assessment charges shall go into a special
fund for conservation purposes other than the concrete lining of ditches.

All District personnel whose duties include checking of surface runoff will
initial any waste assessment sheets issued.

Changes can be made for the last day of a run by notifying the District not
iater than 3:00 p.m. of the preceding day.

When a water user requests an ad justment in the quantity of water delivered not
to exceed two (2) feet, the District shall be obliged to honor the same if it
is within the ability of the District's system to accommodate such request 2
the water user notifies the zanjero in advance of beginning his daily run.
zanjero of said ruan shall obtain approval to make said change from his
respective superior or section.

A reduction in the water order shall be made to apply to the last twelve (12
hours water is rum, providing that the District is notified in advance but “OH
later than 3:00 p.m. preceding the time the order is changed. No penalty Shait
be charged for said reduction as long as the same does not exceed fifty perce®
(50%) or five (5) feet of the order as confirmed, whichever is less. Watel
returned with notice after 3:00 p.m. of which exceeds the quantity that this
rule authorizes shall be subject to an assessment equal to two times the
regular watar rate.
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i -h heads can be ordered up to 3:90 p.m. of the dav preceding the dav of

fer  erv.

v notifying the Distriet before 7:30 a.m. of the last dav of a run, an order
:an be adjusted up to fifty percent {(50%), without penalty.

Jne-day orders shall be checked by the appropriate District emplovees on the
;ame basis as any other water order. For the application of the assessment
‘harge, the first waste measurement shall not be made later than eighteen (18)

wurs after the beginning of the day's water delivery.

"he District shall secure whatever additional radio equipment that is necessary
o improve communications between the farmers and Water Department personnel.

“he Water Department of the District shall make six (6) wastewater recorders
vailable to be installed at various locations within the service area bound-

.rles as defined.
‘he District shall prepare a monthly water informatiom bulletin for distri-
wmition which shall include information submitted to the District by a

jommittee to be appointed by the Water Conservation Advisory Board, and from
;ther sources as required for the purpose of assisting the water user in using

111 water beneficially.

outine canal cutouts shall be accomplished once every eight (8) weeks, except
then special circumstances require more frequent cutouts.
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BY-LAWS OF THE IMPERIAL IRRIGATION DISTRICT

WATER CONSERVATION ADVISORY BOARD

ARTICLE 1. PURPOSE

Section 1.0l. The purpose for which this board is organi zed
is to recommend to the board of directors of the Imperial Irrigation
District and the Imperial Valley farming community an expaned program
of irrigation efficiency in system operation and farming practices.

ARTICLE 2. MEMBERSHIP

Section 2.01. The committee shall consist of ten {(10) regular
members, all of whom shall have voting privileges.

Section 2.02. Two regular members and one alternate shall
be appointed by each member of the Imperial Irrigation District board
of directors from their respective water operating divisions. Regular
members and alternates shall be engaged in farming.

Section 2.03. Alternates shall be subject to the same require~
ments for attendance at meetings as regular members, and shall have
voting privileges in the absence of a regular member from the alternate’?
division and shall be the first choice for appointment to succeed a
regular member from his division, whose term has expired.

Section 2.04. Two members of the Imperial Irrigation pistrict
board of directors and three District management representatives shall
be appointed by the District board and shall serve as advisors to the

reqular advisory board members.

.
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Section 2.05. Pegular members shall serve for only one (1)
, such term to be two (2) years, except that, by a vote of seven

regular board members, the terms of not more than three (3) regular

:rs may be extended for an additional one (1) yvear, Alternates

1 serve until their successors are appointed by the

jation District board of directors, but in no event

Imperial

less than two

years. Advisors to the regular board members shall serve at the

and pleasure of the Imperial Irrigation District board of directors.

Section 2.06. By vote of not less than seven (7) regular members,

jular member may be removed from the board for any reason. Further,

1y regular member fails to attend three (3) consecutive board meet-
or five (5) meetings in any year during his term of office, his

tion may be declared vacant by a majority of the remaining regular

2rs of the board.

Section 2.07. Alternates shall fill any vacancy on the advisory

1, and shall serve for the remainder of the term during which the

ey occurred.

ARTICLE 3. MEETINGS

Section 3.01. Meetings of the advisory board shall be held in

o0ard room, located in the Executive Offices of the Imperial

Jation District, 1284 Main Street, El Centro, California.

Section 3.02. The first meeting of the advisory board shall

R R T T N e Ty

*ld on July 12, 1979, at 1:30 P.M., for the purpose of selecting
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officers and transacting such other business as may come before the
mgeting. Each year thereafter, at its regular meeting in July, the
board shall select officers and reorganize itself as required by these
By-Laws.

Section 3.03. Regular meetings shall be held on the second
Thursday of each month, beginning with the month of August, 1979, at
1:30 P.M., unless such day falls on a legal holiday, in which event
the regular meeting for that month shall be held at the same hour
and place on the next succeeding day.

Section 3.04. Special meetings of the board may be called by
the chairman, or, in his absence, the vice-chairman, or by a majority
f the regular members of the board. Special meetings shall be held

at the board's regular meeting place.

Section 3.05. Notices of regular and special meetings of the
board shall be in postcard form, sent toc each member, alternate, and
advisor, by United States maill, and shall be given by the secretary
or other person designated by the chairman. Notice of each regular
meeting shall be mailed on the Friday preceding such meeting. Notice
of special meetings shall be maiied at least 72 hours prior to the
time of any such meeting.

Section 3.06. All meetings shall be held in compliance with
the requirements of the Ralph M. Brown Act (Chapter 9, Division 2,

Title 5 of the Government Code), and shall be open and public unles®



1e ise authorized by law.
Section 3.07. A gquorum shall consist of a majority of the
jular members holding office. In the absence of a quorum, a meeting
the board may be adjourned from time to time by vote of a majority
the regular members present, but no other business shall be transacted.
Section 3.08. Each regular member is”eﬂtitled to one (1) vote

each matter submitted to the meeting. Voting shall be by voice

v -

te, unless a regular member demands a roll call vote, in which event

2 secretary shall call the roll and duly record the votes of each

ard member. There shall be no voting by mail or proxy voting.
Section 3.09. Meetings of the board shall be presided over

the chairman, or, in his absence, the vice-chairman, or, in the

ser~e of both, by a chairman chosen by a majority of the regular

mbers present. The secretary shall act as secretary of all meetings.

2tings shall be governed by Roberts Rules of Order, as such Rules

Y be revised from time to time, insofar as such Rules are not in-

nsistent with or in conflict with these By-Laws.

ARTICLE 4. OFFICERS
Section 4.01. The officers of the adviéory board shall be a
alrman, a vice-chairman and a secretary.
Section 4.02. The chairman and vice-chairman shall be elected
Mually by the board from among its regular members, and may be removed

ther with or without cause, by a majority of the board, at any time.




Section 4.03. The chairman shall preside at all meetings of
the board, and shall, as required, serve ex officio as a member of
;ll standing committees of the board.

gection 4.04. In the absence of the chairman, or in the event
of his inability or refusal to act, the vice-chairman, shall perform
all duties of the chairman, and when so acting shall have all powers
of and be subject to all restrictions on the chairman.

Section 4.05. The secretary of the board of directors of the
Imperial Irrigation District shall serve, ex officio, as the secretary
of the advisory board. He shall not be a member of the said board,
and shall have no voting privileges. He shall be responsible for
certifying and keeping the original of these By-lLaws, as amended or
otherwise altered, and shall maintain the same at the Executive
Offices of the Imperial Irrigation District, together with the book
of minutes of all meetings of the board, recording therein the time
and place of holding, whether regular or special, and the proceedings
conducted at said meetings. He shall be responsible for giving all
notices in accordance with the provisions of these By-Laws Or as
required by law.

ARTICLE 5. MISCELLANEOUS PROVISIONS

Section 5.01. Committees. The advisory board may designate

: . . coatf
two or more of its regular members to act as a committee, to investis

and report on such matters as the board deems appropriate. NO act of

. . d
-any such committee shall be valid unless approved by vote of the bodf

i
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Section 5.02. Fiscal Year, For purposes of these By-Laws,
business of the board shall be conducted on a fiscal year basis
ancing July lst of each year. All terms of office shall be deemed
egin on July lst and end on June 30th.

Section 5.03. No Compensation or Expense Reimbursement,

lar members shall receive no compensation, salary, or other
neration for their service as regular members. Expenses incurred
ocard members, if any, in connection with their service, shall hot
eimbursed.

Section 5.04. Effective Date of By-Laws and Amendments. By-Laws

1 become afféﬁtive upon their adoption by the advisory board, and
oval by the District board of directors. Amendments may be adopted
majority vote of the advisory board, subject to approval by the
rict board of directors.

Section 5.05. Construction. As used in these By-Laws the

uline gender includes the femine and neuter, singular number
-udes the plural, and the word "shall" is mandatory and the word
" is permissive. ‘

IN WITNESS QﬁEREOF, the undersigned secretary of the Water

‘ervation Advisory Board of the Imperial Irrigatién District has

‘uted these By-Laws this day of . 1979.

SECRETARY, WATER CONSERVATION
ADVISORY BOARD
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The undersigned,

Tmperial Irrigation District,

By

Trrigatlon pistrict, dated

-laws for the Water Conserva

Secretary to the Board of Directors of the

hereby certify that the foregoing

tion Advisory Board of the Imperial

, 1979, were

approved b

at a

y the Board of Directors

of the Imperial irrigation District

meeting held on ] '

1979.

pated:

, 1979.

SECRETARY OF BOARD OF DIRECTORS
OF IMPERIAL IRRIGATION DISTRICT






